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ABSTRACT
The origin of the Li-rich K giants is still highly debated. Here, we investigate the incidence of binarity among this family from a nine-
year radial-velocity monitoring of a sample of 11 Li-rich K giants using the HERMES spectrograph attached to the 1.2m Mercator
telescope. A sample of 13 non-Li-rich giants (8 of them being surrounded by dust according to IRAS, WISE, and ISO data) was
monitored alongside.
When compared to the binary frequency in a reference sample of 190 K giants (containing 17.4% of definite spectroscopic binaries –
SB – and 6.3% of possible spectroscopic binaries – SB?), the binary frequency appears normal among the Li-rich giants (2/11 definite
binaries plus 2 possible binaries, or 18.2% SB + 18.2% SB?), after taking account of the small sample size through the hypergeometric
probability distribution. Therefore, there appears to be no causal relationship between Li enrichment and binarity. Moreover, there is
no correlation between Li enrichment and the presence of circumstellar dust, and the only correlation that could be found between
Li enrichment and rapid rotation is that the most Li-enriched K giants appear to be fast-rotating stars. However, among the dusty K
giants, the binary frequency is much higher (4/8 definite binaries plus 1 possible binary). The remaining 3 dusty K giants suffer from
a radial-velocity jitter, as is expected for the most luminous K giants, which these are.
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1. Introduction
The first Li-rich K giant was discovered by Wallerstein &
Sneden (1982), rapidly followed by many others (see Bharat
Kumar et al. 2018, and references therein). Recently, large sur-
veys like Gaia-ESO, LAMOST, and GALAH further increased
the number of known Li-rich K giants (Casey et al. 2016, 2019;
Smiljanic et al. 2018; Singh et al. 2019; Deepak & Reddy 2019).
As an illustration, the number and frequency of Li-rich stars (i.e.
with log (Li) >∼ 1.5 in a scale where log (H) = 12) among G
and K giants evolved from 10/644 (1.5%; Brown et al. 1989),
3/400 (0.75%; Lebzelter et al. 2012), 23/8535 (0.27%; Martell
& Shetrone 2013), 15/2000 (0.75%; Kumar et al. 2011, 2015),
9/1175 (0.76%; Casey et al. 2016), 335/51982 (0.64%; Deepak
& Reddy 2019) up to a record high of 2330/305793 (0.76%;
Casey et al. 2019). It therefore seems that the frequency of Li-
rich stars among G-K giants is about 0.7%. Li-rich giants rep-
resent a puzzle in the framework of stellar evolution since Li is
predicted to disappear when the star ascends the red giant branch
(RGB). This decrease in Li abundance on the RGB results from
Li depletion by nuclear burning during the pre-main sequence
and main sequence phases, and its subsequent dilution by the
first dredge-up during the ascent of the RGB. Moreover, thermo-
haline mixing causes additional Li destruction at the RGB bump
? Based on observations made with the Mercator Telescope, operated
on the island of La Palma by the Flemish Community, at the Spanish
Observatorio del Roque de los Muchachos of the Instituto de Astrofsica
de Canarias.
?? Individual radial velocities are only available in electronic form at
the CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via
http://cdsweb.u-strasbg.fr/cgi-bin/qcat?J/A+A/
(Charbonnel & Lagarde 2010; Angelou et al. 2015; Lattanzio
et al. 2015; Charbonnel et al. 2019). An alternative model for
Li enrichment at the RGB bump was proposed by Denissenkov
& Herwig (2004) and suggests that rapid rotation (due to the
presence of a stellar companion and the resulting tidal locking)
could trigger extra-mixing leading to Li production. Casey et al.
(2019) put forward the same scenario without restricting its op-
eration solely to the RGB bump.
As a result, starting from the present interstellar-medium
abundance of log (Li) = 3.3, the Li abundance after the first
dredge-up is expected to be lower than about 1.5 to 1.8 in
Population I K giants. However, some K giants do not conform
to these predictions, and some of these Li-rich K giants have
Li abundances that are even larger than the present interstellar-
medium value (e.g. da Silva et al. 1995; de La Reza & da Silva
1995; de La Reza et al. 1996; Balachandran et al. 2000; Ruchti
et al. 2011; Casey et al. 2016; Takeda & Tajitsu 2017; Bharat
Kumar et al. 2018).
A number of K giants also exhibit rapid rotation rates that
some authors (e.g. De Medeiros et al. 1996, 2000; Drake et al.
2002; Carlberg et al. 2012; Smiljanic et al. 2018; Charbonnel
et al. 2019) claimed to be correlated with high lithium abun-
dances. This is especially well illustrated by Fig. 3 of De
Medeiros et al. (2000) which reveals that among 20 Li-rich stars
(log (Li) ≥ 2.0), 15 are rapid rotators (Vrot sin i ≥ 5 km s−1). The
situation is even more extreme for the 14 stars with log (Li) ≥
2.5, among which 12 are rapid rotators.
At about the same time, K giants with IR excesses were
reported (Zuckerman et al. 1995; Plets et al. 1997), based on
data from the Infrared Astronomy Satellite (IRAS; Neugebauer
et al. 1984), which surveyed the sky at 12, 25, 60, and 100 µm.
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Infrared excess is not expected in giant stars prior to the late
asymptotic giant branch (AGB) phase. Gregorio-Hetem et al.
(1993), de la Reza et al. (1997), Castilho et al. (1998), Fekel
& Watson (1998), Jasniewicz et al. (1999), Reddy et al. (2002),
and Reddy & Lambert (2005) suggested that several of the Li-
rich K giants are surrounded by dust shells as they exhibit IR
excesses, sometimes starting at 12 µm and sometimes at much
longer wavelengths (60 µm). These early studies were based on
IRAS data.
Various hypotheses have been proposed to explain the com-
bination of high Li abundances, rapid rotation rates, and IR ex-
cesses, including the accretion of giant planets (e.g. Siess &
Livio 1999; Casey et al. 2016), or a sudden transport of mat-
ter that could eject a dusty shell (de la Reza et al. 2015). In both
cases, based on dust shell evolutionary models, the IR excess and
a large amount of Li in RGB stars should be transient phenom-
ena that would last for a few 104 years. Observations suggest
that, if dust shell production is a common by-product of Li en-
richment mechanisms, the IR excess stage should be very short-
lived (Rebull et al. 2015; de la Reza et al. 2015). Indeed, even the
early studies investigating the possible correlation between large
Li abundances and dust excesses did not deliver strong evidence
on a purely statistical basis. For instance, Fekel & Watson (1998)
found 6 giants with greater-than-typical lithium abundances out
of 39 giants with IR excess, which they point out is similar to
the fraction of stars with enhanced Li found in normal field gi-
ants. Jasniewicz et al. (1999) identified 8 Li-rich stars out of 29
stars with IR excesses, but no correlation between Li abundance
and IR excess. Lebzelter et al. (2012) report on 3 Li-rich giants
(out of more than 400 studied), none of which have IR excesses
suggestive of mass loss.
The spatial resolution of IRAS was relatively low (a few
arcminutes), making the identification of the optical counter-
part difficult, especially in regions with high source density or
high background due to the so-called IR cirruses (Jura 1999).
Background galaxies with a large amount of interstellar material
(like hyperluminous IR galaxies; Rowan-Robinson 2000) could
also be responsible for an apparent IR excess if they happen to
lie along the same line of sight as the target star (see for instance
the case of HD 24124 described by Kim et al. 2001).
To clear these ambiguities, the reality of the IR excesses
around (Li-rich) K giants was later re-examined (Kim et al.
2001; Kumar et al. 2015; Rebull et al. 2015) with much better
quality data from either the Infrared Space Observatory (ISO;
Kessler et al. 1996) or the Wide-field Infrared Survey Explorer
(WISE) spacecraft, delivering four IR magnitudes (at 3.35, 4.6,
11.6, and 21.1 µm; Wright et al. 2010; Cutri 2013) at a higher
spatial resolution and with a better sensitivity than IRAS. The
correlation between Li richness and dust excess remained weak,
at least for these comparatively short IR bands. Kumar et al.
(2015) for instance report on a search for IR excesses (combin-
ing WISE and IRAS data) in 2000 K-type giants. None of the
far-IR excess sources studied by these latter authors are lithium-
rich, and of the 40 Li-rich sources, only seven show IR excess.
Rebull et al. (2015) performed a similar study and conclude that,
intriguingly, the largest IR excesses all appear in Li-rich K gi-
ants, though very few Li-rich K giants have IR excesses (large
or small). According to Rebull et al. (2015), these largest IR ex-
cesses also tend to be found in the fastest rotators, and there is no
correlation of IR excess with the carbon isotopic ratio 12C/13C.
Since fast rotation in Li-rich giants could be caused by ei-
ther planet ingestion or synchronisation within a binary system, a
search for either stellar or planetary companions around these gi-
ants would be worthwhile. Similarly, a link between dust excess
and binarity has been established very convincingly for post-
AGB (Van Winckel 2003) and post-RGB (Kamath et al. 2016)
stars. It would therefore be of interest to check whether this cor-
relation also holds for K giants with a dust excess. Strangely
enough, there has been no convincing estimate so far of either
the binary frequency among Li-rich K giants or among dusty
K giants, since the studies of Ruchti et al. (2011) and Fekel
& Watson (1998), respectively, relied on very scarce data. De
Medeiros et al. (1996) claimed that their CORAVEL monitoring
of Li-rich giants did not reveal any abnormal frequency of bina-
ries, but they did not substantiate their claim by publishing the
individual radial velocities (RVs).
In the present study, we therefore aim to check whether or
not dust-rich K giants and Li-rich K giants have a higher-than-
normal binary frequency. The paper is organised as follows. The
studied samples are described in Sect. 2, along with the main
properties of their stellar members (spectral energy distribution
(SED) and location in the Hertzsprung–Russell (HR) diagram).
The RV monitoring is presented in Sect. 3. Orbital elements and
the binary frequency are presented in Sects. 4 and 5, respectively,
and conclusions are drawn in Sect. 6.
2. The stellar samples and their properties
2.1. Sample synopsis
Three samples are considered in this paper. A small sample of
11 Li-rich and 13 non-Li-rich K giants (hereafter sample S1)
extracted from Charbonnel & Balachandran (2000) and Kumar
et al. (2011) is described in Sect. 2.2 (Tables 1 and 2). The RVs
for these stars were extensively monitored with the HERMES
spectrograph (Raskin et al. 2011) for 10 years, starting in April
2009 (Sect. 3). Sample S1, which can also be divided into 8 dusty
and 16 non-dusty K giants, served to test the possible correlation
between binarity and IR excess due to dust.
A second, more extended sample of 56 Li-rich giants (here-
after sample S2) was collected from the work of Bharat Kumar
et al. (2015) and Charbonnel et al. (2019) to infer the binary fre-
quency from the Gaia DR2 RV standard deviations (Sect. 5.1).
Seven stars have been excluded from the samples of these latter
authors because they have no RV available in Gaia DR2 (namely
HD 35410, HD 71129, HD 86634, HD 138289, HD 138905,
HD 183912, and HD 188114). There are 8 stars in common
between samples S1 and S2. The properties of this sample are
presented in Sect. 5.4 and Table A.1.
Finally, sample R contains 190 K giants selected from the
Kepler data set (Sect. 2.3) and monitored with the HERMES
spectrograph since April 2016 (Table A.2). Here, it serves as a
reference sample against which the binary frequency of sample
S1 can be compared.
2.2. HERMES sample S1
2.2.1. Selection and spectral energy distributions
The sample of 11 Li-rich giants was selected from the list of
Charbonnel & Balachandran (2000), with two additions from
Kumar et al. (2011), HD 63798 and HD 90633. These Li-rich
stars are listed in the first part of Table 1, and are a mixture of
stars on the RGB (some close to the bump), in the red clump
and along the early AGB (as shown in Sect. 2.2.3). In this
sample, HD 112127 has sometimes been classified as a car-
bon star of type R (Barnbaum et al. 1996). Table 1 also pro-
vides a proxy for the rotational velocity Vrot sin i. It is equal to
2
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Table 1. The stellar sample S1. Stars with a confirmed IR ex-
cess appear in bold face. The column labelled Tdust lists the dust
temperature derived by Kim et al. (2001) from their ISO data
and based on a detached-shell model, except for HDE 233517
for which this information comes from the analysis by Jura
(2003) under the assumption of a flared disk. The column la-
belled ‘NLTE’ indicates whether NLTE corrections have been
applied to the Li abundance, whereas column Vrot sin i lists a
proxy for the rotational velocity (see text).
HD log (Li) NLTE Vrot sin i IR excess Tdust
(km/s) short far (K)
Li-rich K giants
787 1.99 y 1.5 n n
6665 2.93 y 2.3 n -
9746 3.44 y 5.5 n -
30834 1.98 y 0. n y f
39853 2.75 y 1.2 n n
40827 2.05 y 0. n -
63798 2.00 y 1.2 n -
90633 2.18 y 0. n -
112127 2.95 y 0. n -
116292 1.65 y 0. n -
233517 3.95 y 19.7 y y 70g
non-Li-rich K giants
6 0.37c n 0. n n
3627 0.20c n 0. n y f
21078 1.30 n 0. n -
27497 < 0.40 n 0. n -
31553 0.5b n 0. n -
34043 < −0.43 n 0. n -
43827 < 0.00 n 0. n -
108471 - - 0. n -
119853 < 0.4b n 0. n yd 68
153687 0.10 n 1.2 n yd, f 74
156115 < −1.0b n 1.2 n yd 38
212320 0.87a y 0.8 n yd 46
221776 < −1b n 1.0 y yd 59
a Liu et al. (2014); b Fekel & Watson (1998); c Luck (2015); d excess
confirmed by ISO data (Kim et al. 2001); f excess confirmed by AKARI
data(Murakami et al. 2007); g Temperature at the outer edge of a flared
disk (Jura 2003).
(σ2CCF − σ20)1/2, where σCCF is the width of a Gaussian fitted to
the cross-correlation function used to derive the RV (Sect. 3),
and σ0 = 3.5 km s−1 is the instrumental width corresponding to
the resolution of 86 000 for the HERMES spectrograph (Raskin
et al. 2011). There is a clear tendency for the most Li-enriched
K giants to be the fastest rotating stars, as already pointed out by
Drake et al. (2002) and Smiljanic et al. (2018).
On top of the Li-rich K giants, we selected 13 stars from the
list of K giants with suspected IR excesses (as initially inferred
from the IRAS data) from Fekel & Watson (1998), itself being a
subsample of Zuckerman et al. (1995), who list the correspond-
ing IRAS fluxes (their Table 1). These K giants with a suspected
IR excess are listed in the second part of Table 1. Because an
IR excess has in the end not been confirmed for all of them, this
second part of the sample is denoted by ‘non-Li-rich stars’, so as
to avoid any ambiguity in the terminology.
Given the difficulties in establishing firm IR excesses using
IRAS data alone (as explained in Sect. 1), we sought confir-
mation from other IR data, namely WISE, AKARI (Murakami
et al. 2007) and ISO (Kim et al. 2001). To this end, we built
the spectral energy distributions (SEDs) using the tool described
by Escorza et al. (2017) to retrieve broadband photometry from
Simbad, and find the extinction on the line of sight (see more
on this below). The IRAS fluxes listed as upper limits were re-
moved from the SED, but the reality of any dust excess in cases
like HD 119853 (Fig. B.3) or HD 156115 (Fig. B.5) with just
one (firm, i.e. non-upper limit) IRAS band (marginally) deviat-
ing from the MARCS model would still be questionable were it
not confirmed by the ISO data of Kim et al. (2001). For the sake
of concision, Figs. B.1 – B.8 present only those SEDs exhibiting
a confirmed IR excess, whereas Fig. B.9 presents one SED with-
out IR excess for comparison (HD 6). These plots show the best-
fitting reddened MARCS model (red curves; Gustafsson et al.
2008) on top of the observed photometry, while the unreddened
MARCS model is displayed in black. Since the fitting process is
ill-behaved (because of a strong coupling between the effective
temperature Teff and the reddening EB−V ), it was necessary to ob-
tain a first guess of Teff from the literature and listed in Table 2 (a
more detailed description of the contents of this Table is given in
Sect. 2.2.3). Moreover, fixing the gravity log g also helped to ob-
tain reasonable fits. A first estimate of the gravity was obtained
from the location of the star in the HR diagram (see Sect. 2.2.3),
before applying the de-reddening correction.
This way, a satisfactory SED fit could be obtained, often with
the minimum possible reddening (listed as well in Table 2), and
with a de-reddened (V − K)0 colour temperature (derived from
the reddening Cardelli et al. 1989; Bessel et al. 1998) in good
agreement with the literature Teff value. An exception is the star
HD 212320 (HIP 110532) whose de-reddened (V −K)0 index of
1.55 yields an uncomfortably warm temperature of 5660 K, as
compared to literature estimates of 5030 K (Hekker & Mele´ndez
2007) or 4825 K (Stock et al. 2018). Therefore, in the remain-
der of this paper, we adopt for HD 212320 the non-dereddened
colour temperature of 5080 K, in better agreement with the spec-
troscopic temperatures.
Those stars with a confirmed IR excess are listed in bold face
in Table 1. We see that, among our sample of Li-rich giants, only
two are simultaneously dust-rich (HD 30834 and HDE 233517).
2.2.2. Origin of the dust excess observed in sample S1
The IR excess observed in the dusty K giants is peculiar in that
it involves very cool dust (Tdust < 100 K according to the model
of Jura 1999, and Kim et al. 2001); the excess is often restricted
to wavelengths longwards of 60 µm. Except for HDE 233517,
where the IR excess starts at 10 µm (Fig. B.8), dusty K giants
strongly differ from mass-losing AGB stars where dust features
are seen from 10 µm onwards (Waters et al. 1999). When mass
loss stops, their dust-emission peak progressively moves towards
longer wavelengths as the dust shell becomes detached and cools
down. In non-binary post-AGB stars with an expanding dust
shell, IR excesses may start from close to 10 µm up to about
20 µm (Van Winckel 2003; Gezer et al. 2015). When the star
becomes surrounded by a (proto-)planetary nebula (PPN or PN),
dust emission peaks around 30 µm (e.g. PPN SAO 34504 and
PN NGC 7027, where dust emission peaks at 30 and 33 µm, re-
spectively; Waters et al. 1999). For dusty K giants, where the
dust emission peaks longwards of 60 µm, the dust shell is de-
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Table 2. Fundamental parameters of the S1 stars. The column labelled Tcolour(V − K)0 has been used to draw the HR diagram of
Fig. 1, EB−V is the reddening obtained from the SED fits presented in Figs. B.1 – B.8.
HD $ V K EB−V (V − K)0 BCK MK0 Mbol log(L/L) Tcolour Teff [Fe/H] Ref. log g
(Gaia DR2) (V − K)0 (lit.) (lit.) (HRD)
6 6.85 ± 0.10 6.31 3.91 0.02 2.34 2.0 -1.92 0.08 1.86 4751 4690 -0.03 Ta13 2.52
787 5.08 ± 0.22 5.29 1.86 3.43 2.5 -4.61 -2.11 2.74 4021 4181 Bl98
3627 30.86 ± 0.05 3.28 0.47 0.06 2.66 2.4 -2.10 0.30 1.78 4488 4360 0.04 McW90 2.20
6665 2.85 ± 0.06 8.44 5.54 2.90 2.3 -2.18 0.17 1.83 4318 4700 Ku11
9746 6.35 ± 0.09 6.22 2.91 3.31 2.4 -3.08 -0.63 2.15 4080 4425 Br89
21078 12.50 ± 0.11 7.98 5.83 2.15 1.9 1.31 3.21 0.61 4936 5068 Fe98
27497 8.54 ± 0.09 5.77 3.81 1.96 1.9 -1.53 0.37 1.75 5141 5180 +0.14 He07
30834 6.33 ± 0.27 4.79 1.39 0.11 3.10 2.5 -4.64 -2.14 2.75 4194 4130 -0.37 McW90 1.38
31553 6.18 ± 0.31 5.82 3.02 2.80 2.3 -3.02 -0.72 2.19 4386 4731 Fe98
34043 5.49 ± 0.25 5.50 2.54 2.96 2.4 -3.76 -1.36 2.44 4279 4300 Fe98
39853 4.82 ± 0.19 5.64 1.98 3.66 2.6 -4.61 -2.01 2.70 3919 3900 Gr89
40827 7.29 ± 0.04 6.32 4.15 2.17 1.9 -1.54 0.36 1.75 4916 4575 Br89
43827 5.70 ± 0.13 5.16 2.26 2.90 2.3 -3.96 -1.61 2.54 4318 4415 Fe98
63798 5.26 ± 0.04 6.50 4.49 2.01 1.9 -1.90 0.00 1.90 5085 5000 Mi06
90633 8.82 ± 0.02 6.32 4.01 2.31 2.0 -1.26 0.74 1.60 4781 4600 Mi06
108741 2.01 ± 0.05 9.49 6.93 2.56 2.1 -1.56 0.54 1.68 4562
112127 7.79 ± 0.04 6.88 4.12 2.76 2.5a -1.42 1.08 1.46 4414 4340 Br89
116292 11.10 ± 0.11 5.37 3.12 2.25 2.0 -1.65 0.35 1.76 4837 4940 -0.07 He07
119853 9.38 ± 0.23 5.50 3.38 0.00 2.12 1.9 -1.76 -0.14 1.84 4967 5136 - Fe98 2.68
153687 9.31 ± 0.17 4.83 1.27 0.10 3.29 2.6 -3.92 -1.32 2.42 4088 3980 -0.12 McW90 1.37
156115 3.87 ± 0.11 6.58 1.69 0.42 3.73 2.8 -5.52 -2.72 2.98 3890 3547 - Fe98 0.67
212320 7.00 ± 0.10 5.92 3.89 0.17 1.55 1.9 -1.95 -0.05 1.92 5080b 5030 -0.27 He07 2.80
221776 4.03 ± 0.08 6.20 2.07 0.10 3.87 2.7 -4.94 -2.24 2.79 3838 3964 - Fe98 1.09
233517 1.14 ± 0.06 9.71 6.64 0.03 3.00 2.4 -3.09 -0.70 2.18 4251 4475 -0.37 Ba00 1.72
Notes: a: HD 112127 is a carbon star; hence BCK from J − K and Eq. 1 of Kerschbaum et al. (2010).
b: This value of the colour temperature is obtained from the non-dereddened V − K index, as the dereddened index would yield instead an
unrealistically high temperature of 5660 K.
References: Ba00: Balachandran et al. (2000), Bl98: Blackwell & Lynas-Gray (1998), Br89: Brown et al. (1989), Fe98: Fekel & Watson (1998),
He07: Hekker & Mele´ndez (2007), Ku11: Kumar et al. (2011), McW90: McWilliam (1990), Mi06: Mishenina et al. (2006), Ta13: Tautvaisˇiene˙
et al. (2013)
tached, indicating that the mass-loss process is no longer active.
The dust temperatures derived by Kim et al. (2001) from their
ISO data and based on the hypothesis of a detached shell are
listed in Table 1.
For HDE 233517, the large inferred dust mass has been sug-
gested to be either the result of the disintegration of comets (Jura
1999; Fisher et al. 2003) or of the ingestion of a large planetary
body or low-mass star (Jura 2003). The presence of warm dust
and of a flared disk inferred by Jura (2003) is reminiscent of the
situation prevailing among binary post-AGB stars (Kluska et al.
2019). Although our HERMES data do not flag HDE 233517
as a binary system, Gaia DR2 data suggest the opposite (see
Sect. 5).
2.2.3. Dusty and Li-rich K giants of sample S1 in the
Hertzsprung-Russell diagram
The HR diagram of the S1 stars was constructed in the fol-
lowing way. First, the colour temperature was computed from
the de-reddenned V − K index (with V and K taken from the
Simbad database) using the Bessel et al. (1998) calibration (re-
lation ‘abcd’ in their Table 7). The colour excess EB−V used to
de-redden the V − K index is the one obtained from the SED
fit (Table 2), and the EV−K/EB−V ratio was taken from Cardelli
et al. (1989). The de-reddening correction (including both cir-
cumstellar and interstellar contributions) was computed only for
those stars showing the presence of circumstellar dust. For the
other stars, no interstellar de-reddening correction was applied
since the stars are relatively nearby (closer than 350 pc, except
for HDE 233517, for which the colour excess has been derived),
meaning that the interstellar reddening is considered negligible.
The bolometric correction for the K band has been taken from
Bessel et al. (1998) for oxygen-rich stars, and from Kerschbaum
et al. (2010) for the carbon star HD 112127 (their Eq. 1). The
luminosity is then derived from the bolometric magnitude com-
bined with the Gaia DR2 parallax (Gaia Collaboration et al.
2018). There is no need to use Bayesian estimates for the dis-
tance because all the targets stars are close enough for the ratio
$/σ$ to be sufficiently large (≥ 19) to avoid biasing the distance
when inverting the parallax.
For the sake of homogeneity, the temperature used to con-
struct the HR diagram is the colour temperature, except for
HD 212320 (for the reason discussed in Sect. 2.2.1) where Teff
is taken instead from Hekker & Mele´ndez (2007).
Before discussing the HR diagram thus constructed (Fig. 1),
we first compare in Table 3 the stellar parameters listed in
Table 2 with their Bayesian estimates provided by Stock et al.
(2018) for the three stars in common between the two samples,
namely HD 27497 (= HIP 20268), HD 116292 (= HIP 65301)
and HD 212320 (= HIP 110532). The luminosities are in
good agreement, and the temperatures as well (except for HD
212320).
Evolutionary tracks for stars of solar metallicity (given the
small metallicity range of our target stars as revealed by Table 2)
from the STAREVOL code (Siess et al. 2000; Siess & Arnould
2008) are displayed as well in Fig. 1.
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Fig. 1. Li-rich (large filled dots) and dust-rich (open squares) K
giants from sample S1 in the HR diagram. Small filled dots are
non-Li-rich K giants. Green symbols denote SB, as discussed in
Sect. 5. Small red dots indicate the presence of regular small-
amplitude variations, whereas large crosses indicate irregular
small-amplitude variations (RV jitter). STAREVOL tracks (Siess
et al. 2000; Siess & Arnould 2008) are labelled according to their
initial mass, and correspond to solar metallicity. Tracks evolving
along the core He-burning phase are depicted in blue, whereas
tracks along the AGB are displayed in red. The red clump as de-
fined by Deepak & Reddy (2019; their Fig. 1) is represented by
the dashed rectangle. The bump is well visible on the 1 M track
as the hook feature located to the lower right of the red clump
region.
Some Li-rich K giants are located in the red clump (dashed
rectangle in Fig. 1), but several are also spread along the gi-
ant branch (either RGB or E-AGB), namely HD 787, HD 9746,
HD 30834, HD 39853, and HD 233517. The HR diagram of
Fig. 1 is similar to that of Charbonnel & Balachandran (2000)
with its extension along the giant branch, and both contrast with
the well-documented claim (based on asteroseismologic data) by
Singh et al. (2019) that all Li-rich stars are restricted to the red
clump. Nevertheless, Casey et al. (2019) and Deepak & Reddy
(2019) disagree with that claim, quoting a frequency of 75 - 85%
Li-rich stars located in the red clump (not 100%). The reason for
this difference between Singh et al. (2019) and all other stud-
ies most likely resides in the fact that Singh et al. (2019) re-
stricted their study to super-Li-rich stars with log (Li) ≥ 3.0.
As confirmed by all the other studies quoted above (see espe-
cially Fig. 3b of Deepak & Reddy 2019), super-Li-rich stars are
largely confined to the red clump. This leaves room then for a
limited fraction of Li-rich stars (of the order of 15 - 25%) that
may still be found along the RGB.
2.3. Reference sample R
To evaluate whether or not the binary frequencies in our dusty
and Li-rich samples of K giants are peculiar, it is necessary to
first evaluate this frequency in a reference sample observed as
well with the HERMES spectrograph. This reference sample
(listed in Table A.2; the full content of this table will be de-
scribed in Sect. 5.1) contains the 160 brightest K giants (i.e. with
V magnitudes in the range 8.6 to 11.4) observed with the Kepler
Fig. 2. Top panel: Distribution of the number of observations
per star in sample R. Bottom panel: Number of HERMES obser-
vations vs. time span of the RV observations for the comparison
sample of Kepler/CoRoT giants (sample R; open squares). Most
of the stars have three observations spanning 300 to 900 d. Red
crosses correspond to the re-sampled data of sample S1 (denoted
‘sample S1’) with Nobs and ∆t modified to mimic the distribution
of sample R (see Sect. 5.5).
satellite (Koch et al. 2010), and with known evolutionary sta-
tus (from Mosser et al. 2014), along with 30 K giants from the
CoRoT1 (Baglin et al. 2006) sample. Figure 2 presents the num-
ber of HERMES observations versus time-span for this reference
sample of Kepler/CoRoT giants (referred to as ‘sample R’ be-
low). The RV observations cover the period from April 2016 to
August 2019. The original purpose of this HERMES observing
program is to compare the evolutionary properties of K giants
with their orbital properties. The sample will be fully described
in a forthcoming paper especially devoted to that issue (Jorissen
et al., in prep.). Here, we simply perform a first evaluation of the
binary frequency (Sect. 5.5) in sample R along the guidelines
described in Sect. 5.1.
3. Radial-velocity observations
The RV monitoring of samples S1 and R was performed with the
HERMES spectrograph attached to the 1.2 m Mercator telescope
from the KU Leuven installed at the Roque de los Muchachos
Observatory (La Palma, Spain). The spectrograph is fully de-
scribed in Raskin et al. (2011). The fibre-fed HERMES spec-
trograph is designed to be optimised both in stability as well as
in efficiency, and samples the whole optical range from 380 to
900 nm in one shot, with a spectral resolution of about 86 000
for the high-resolution science fibre. This fibre has a 2.5 arc-
sec aperture on the sky and the high resolution is reached by
1 CoRoT (Convection, Rotation and planetary Transits) is a mini
satellite developed by the French Space agency CNES in collabora-
tion with the Science Programmes of ESA, Austria, Belgium, Brazil,
Germany and Spain.
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Table 3. Comparison between the stellar parameters derived in this study (Table 2) with their Bayesian estimates from Stock et al.
(2018).
HD HIP Tcolour Teff log(L/L) Mass log g
(K) (K) (M) (M)
(1) (2) (1) (2) (1) (2) (1) (2)
27497 20268 RGB 5141 5134 1.75 1.78 3.0 2.64 3.0 2.88
HB 5141 5074 1.75 1.79 3.0 2.24 3.0 2.77
116292 65301 RGB 4837 4896 1.76 1.84 2.5 2.23 2.77 2.66
HB 4837 4908 1.76 1.84 2.0 1.93 2.67 2.61
212320 110532 RGB 5660 4814 1.92 1.98 - 1.89 - 2.43
HB 5660 4825 1.92 1.96 - 1.64 - 2.37
Notes: (1): This work; (2): Stock et al. (2018). There are two different estimates, one corresponding to the location on the RGB, and the other to
the location on the Horizontal Branch (HB, or ‘red clump’).
mimicking a narrow slit using a two-sliced image slicer. The RV
is measured by cross-correlating the observed spectrum with a
spectral mask constructed on an Arcturus spectrum (e.g. Jorissen
et al. 2016b). The HERMES/Mercator combination is precious
because it guarantees regular telescope time. This is needed
for our monitoring programme and the operational agreement
reached by all consortium partners (KU Leuven, Universite´ libre
de Bruxelles, Royal Observatory of Belgium, Landessternwarnte
Tautenburg) is optimised to allow efficient long-term monitor-
ing, which is mandatory for this programme. On average, 250
nights per year are available for the monitoring (spread equally
on HERMES-consortium time, and on KU Leuven time), and
the observation sampling is adapted to the known variation
timescale. During these nights, about 300 target stars are mon-
itored, addressing several science cases (Gorlova et al. 2013)
and delivering significant results concerning different families
of long-period binaries such as Ba and CH stars (e.g. Jorissen
et al. 2016b, 2019; Escorza et al. 2019), post-AGB binaries (e.g.
Manick et al. 2017; Oomen et al. 2018), or sub-dwarf B stars
(e.g. Vos et al. 2015). Most importantly, the long-term stability
of the RVs has been assessed from the monitoring of RV stan-
dard stars from the list of Udry et al. (1999). From this sample
of RV standard stars, the long-term velocity stability is estimated
as 55 m/s (see Jorissen et al. 2016b, for details; also Sect. 5.1).
The RV monitoring of sample S1 began in April 2009, with
the regular science operations of HERMES. The individual RVs
are only available online at the CDS, Strasbourg. The RV curves
for all target stars are presented in Figs. C.1 – C.18. Some clearly
allow an orbit to be computed, as done in Sect. 4.
4. Orbital elements
The available orbital solutions in sample S1 are displayed in
Figs. D.2 – D.8, and the orbital elements are listed in Table 4.
Notes about individual stars are listed in Appendix D.
The dispersions of the O − C residuals are listed in Table 5,
and they are all compatible with the HERMES accuracy, except
for HD 156115, for which they amount to 0.38 km s−1. A look at
Fig. D.7 reveals that the large residuals are caused by an oscil-
lation superimposed on the long-term orbit. A similar behaviour
is observed for HD 787 as well (Fig. D.2), even though it is not
apparent in the value of the O − C dispersion (Table 5). The
resulting orbital solutions for the HD 787 and HD 156115 resid-
uals are listed in Table 4b under the heading Aa+Ab to distin-
guish them from the main AB orbit. The ratio of the outer to
inner periods is 8.3 and 7.6 for HD 787 and HD 156115, respec-
tively. These ratios are compatible in principle with the usual re-
quirement for orbital stability in a hierarchical triple system (e.g.
Tokovinin 2014). The inner periods are of the order of 1.5 years.
For these small-amplitude variations to be due to orbital motion
would require a (brown dwarf) companion with a mass larger
than 0.015 M in the case of HD 156115 (adopting a mass of
1 M for component A according to its location in the HR di-
agram; see Fig. 1). The companion could be even less massive
in the case of HD 787 (≥ 0.005 M adopting a mass of 2.5 M
for component A), but the mass function is not well constrained
(Table 4b). The dispersion of the O−C residuals for the Aa+Ab
orbit of HD 156115 amounts to 0.26 km s−1, indicating that the
Keplerian solution is not of excellent quality, since that disper-
sion could not be lowered to values typical of the HERMES ac-
curacy. For HD 787, the O −C dispersion is 64 m s−1.
Similarly small-amplitude variations are also found in
HD 39854 (Table 4b), and a circular Keplerian orbit with a semi-
amplitude of 0.2 km s−1 could match them. As listed in Table 4,
the current data do not allow us to rule out one of two possible
periods (106 or 282 d).
We stress that, although not found for all long-period binary
giants (see for example HD 3627, Fig. D.3), the short-term os-
cillations reported above are found in many of them. They were
reported as well in the K giants HE 0017+0055 (Jorissen et al.
2016a), HE 1120-2122 and HD 76396 (Jorissen et al. 2016b),
and HD 175370 (Hrudkova´ et al. 2017). Except for the latter
star, there was no compelling evidence to reject the possibil-
ity that the small-amplitude, approximately one-year RV oscilla-
tions could be caused by stellar pulsation2. This hypothesis gains
further support from the fact that all three stars in our sample
which show such small-amplitude variations (namely HD 787,
HD 39854, and HD 156115) are among the most luminous stars
in our sample, with log L/L > 2.5 (small red dots in Fig. 1).
Incidentally, the other stars at similarly large luminosities but
not showing regular, short-amplitude variations exhibit instead
irregular RV jitter, another signature of envelope instability (blue
crosses in Fig. 1).
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Table 4. Orbital elements. Among the astrometric orbital elements, a0 is the semi-major axis of the photocentric orbit.
a. Spectroscopic elements
HD P e ω V0 K T a1 sin i f (M)
(d) (◦) (km s−1) (km s−1) (JD-2 400 000) (Gm) (M)
787AB > 4196 0.57:
3627 27807: 0.5:
c 20158 0.34 356 -8.5 4.0 15568 1042.7 0.111
21078 263.697 ± 0.007 0.6379 ± 0.0004 214.61 ± 0.06 49.83 ± 0.01 19.94 ± 0.02 56216.99 ± 0.02 55.68 ± 0.07 0.0989 ± 0.0003
27497 976.4 ± 0.5 0.292 ± 0.003 89.5 ± 0.5 4.07 ± 0.01 4.82 ± 0.01 58244 ± 1 62.0 ± 0.3 0.0099 ± 0.0001
d 976.3 ± 0.4 0.297 ± 0.007 88.1 ± 1.7 4.63 ± 0.03 4.77 ± 0.04 53357.4 ± 3.8 61.1 ± 0.5 0.0096 ± 0.00025
31553 3279 ± 52 0.56 ± 0.01 78.8 ± 0.5 −3.26 ± 0.03 3.57 ± 0.06 55517 ± 30 133.6 ± 5.6 0.0088 ± 0.0005
156115AB 4169 ± 11 0.469 ± 0.002 217.6 ± 0.2 −12.66 ± 0.01 7.17 ± 0.02 60524 ± 11 363 ± 2 0.110 ± 0.001
212320 1691.9 ± 1.7 0.226 ± 0.002 57.7 ± 0.6 −3.49 ± 0.01 4.87 ± 0.01 58224 ± 3 110.4 ± 0.3 0.0187 ± 0.0001
b. Small-amplitude variations
HD P e ω V0 K T a1 sin i f (M)
(d) (◦) (km s−1) (km s−1) (JD-2 400 000) (Gm) (M)
787Aa+Ab 508.4 ± 4.8 0.49 ± 0.11 100 ± 18 −0.009 ± 0.008 0.09 ± 0.02 57005 ± 16 0.53 ± 0.16 (2.3 ± 1.6) × 10−8
39853a 106 0.0 – 81.6 0.20 0.29 0.9 × 10−8
282 0.0 – 81.6 0.18 0.71 1.7 × 10−7
156115Aa+Ab 548.6 ± 0.9 < 0.02 – 0.008 ± 0.006 0.40 ± 0.01 57082.8 ± 8b 3.04 ± 0.07 (3.7 ± 0.3) × 10−6
c. Astrometric elements
HD Ω i a0 $ µα cos δ µδ M1 M2
(◦) (◦) (mas) (Gm) (mas) (mas yr−1) (mas yr−1) (M) (M)
21078 110 ± 18 91 ± 13 5.1 ± 0.5 57 ± 11 13.3 ± 1.1 216.0 ± 0.8 114.4 ± 1.0 1.2 0.71 solution coherent with location in HRD
1.5 0.81
2.0 0.96
a) HD 39853: Keplerian orbits uncertain (pulsations instead?)
b) HD 156115Aa: epoch of maximum velocity
c) Orbit from SB9 catalogueue (Pourbaix et al. 2004) and Bakos (1976)
d) From Griffin (2013)
5. Binary frequency
5.1. Methodology
The binary frequency has been derived by combining differ-
ent strategies depending on the considered sample: (i) from the
HERMES data alone (samples S1 and R), (ii) by combining
HERMES with Gaia DR2 data (samples S1 and R), (iii) by com-
bining HERMES data with other data from the literature (sam-
ple S1; Fekel & Watson 1998; Famaey et al. 2005; Gontcharov
2006), and finally (iv) from Gaia DR2 RV data (samples S1, S2,
and R).
We explain each of these methods in turn in the remainder of
this section. Method (i) is simply based on the evaluation of the
F2 statistic. This statistic has been defined by Wilson & Hilferty
(1931) as a way to approximate the reduced χ2 statistic by a
reduced normal distribution N(0, 1) (of mean zero and standard
deviation unity), thus making it independent from the number of
2 However, the Kepler data for HD 175370 do not support the pulsa-
tion hypothesis, and for this reason the presence of a giant-planet com-
panion around that star was privileged by Hrudkova´ et al. (2017). See
also Hatzes et al. (2018) for a recent discussion about the difficulty of
distinguishing Jupiter-like planets from intrinsic pulsations in the RV
variations of K giants.
degrees of freedom ν j:
F2 j =
√
9ν j
2

χ2jν j
1/3 + 29ν j − 1
 , (1)
where index j runs over the M different stars (1 ≤ j ≤ M) and
χ2j =
Nobs j∑
i=1
 (RVi, j − RV j)
2 , (2)
where index i runs over the Nobs j RV observations RVi, j of star
j. There is only one constraint (the average velocity RV j) among
the Nobs j variables RVi, j, and therefore ν j = Nobs j − 1. In
the above expressions,  (the same for all HERMES observa-
tions) is the long-term stability of the spectrograph. As stated in
Sect. 3, the long-term RV standard deviation of a sample of RV
standard stars amounts to 0.055 km s−1 (Jorissen et al. 2016b),
which would be the natural choice for . However, adopting that
value in Eq. 2 would not make the F2 distribution (derived from
Eq. 1) of the reference sample R compatible with a reduced nor-
mal distributionN(0, 1) as it should after removing the binaries,
defined as those stars with F2 ≥ 3.0 (this threshold is similar to
the usual ‘3σ’ cut-off, since by construction F2 behaves simi-
larly to a reduced normal distribution). We therefore proceeded
by trial and error to find the proper  value ensuring that the F2
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Table 5. Binary properties of sample S1 ordered by increasing RV standard deviation σ j(RV). Columns are as in Table A.1, and
include the properties of the Famaey et al. (2005) data listed in columns labelled RVF (average RV) and NobsF (number of mea-
surements). The error associated with RVF is the statistical error on the mean (i.e. σF(RV)/
√
NobsF, where σF(RV) is the standard
deviation of the RV values). The column labelled ‘SB’ marks the final decision about binarity from HERMES data, but also from
Famaey et al. (2005), Pulkovo (Gontcharov 2006), Fekel & Watson (1998), and Gaia DR2 (Gaia Collaboration et al. 2018) data (see
text). Values in bold face identify fulfilled binary criteria.
HD σ j(RV) σ(O −C) RVH NobsH ∆t χ2j/ν j Prob. F2 j RVF NobsF RVG |RVG − RVH | (RVG) SB Type
(km s−1) (km s−1) (km s−1) (d) RV var (km s−1) (km s−1) (km s−1) (km s−1)
Li-rich
40827 0.05 - 31.55 23 855 0.56 0.05 -1.67 31.58 ± 0.20 2 31.87 ± 0.18 0.32 0.26 N Li
116292 0.06 - -25.97 45 1193 0.81 0.19 -0.88 - - −25.85 ± 0.11 0.12 0.29 N Li
6665 0.06 - -21.72 29 1213 0.84 0.30 -0.53 - - −21.55 ± 0.19 0.17 0.27 N Li
63798 0.07 - 8.28 27 875 0.99 0.52 0.04 - - 8.38 ± 0.15 0.10 0.25 N Li
90633 0.07 - -25.81 89 2716 1.00 0.52 0.05 −26.08 ± 0.20 2 −25.78 ± 0.13 0.03 0.26 N Li
112127 0.09 - 6.17 89 2967 1.80 1.0 4.38 5.83 ± 0.28 3 5.76 ± 0.14 0.41 0.25 Y? Li, long-term
velocity drift?
233517 0.10 - 46.71 31 851 1.73 0.99 2.43 - - 45.92 ± 1.53 0.79 0.31 Y Li, dust
30834 0.12 - -17.09 79 9758 1.98 1.0 4.84 −17.24 ± 0.08 11 −17.27 ± 0.33 0.15 0.37 N Li, dust, RV jitter
9746 0.15 - -42.44 63 11159 2.09 1.0 4.71 −42.64 ± 0.34 6 −42.12 ± 0.14 0.32 0.28 N Li, RV jitter
39853 0.30 - 81.62 53 2714 18.9 1.0 25.5 - - 81.50 ± 0.19 0.12 0.32 Y? Li, small-amplitude
variations
787 0.96 0.08 -6.04 44 2847 186.8 1.0 65.7 - - −6.29 ± 0.14 0.25 0.35 Y Li, long-term SB
+ small-amplitude
variations
not Li-rich
108741 0.05 - -1.12 26 762 0.54 0.03 -1.88 - - −0.96 ± 0.21 0.16 0.31 N -
6 0.07 - 14.97 23 826 0.88 0.37 -0.33 - - 14.98 ± 0.14 0.01 0.25 N -
119853 0.07 - -8.67 97 3643 1.11 0.78 0.77 - - −8.38 ± 0.13 0.29 0.28 Y? dust, long-term velocity
drift
43827 0.08 - -8.00 41 2714 1.47 0.97 1.91 - - −7.93 ± 0.21 0.07 0.32 N -
34043 0.09 - -3.01 55 2714 1.75 0.99 3.27 −3.38 ± 0.22 10 −3.07 ± 0.14 0.06 0.31 N -
153687 0.12 - -7.63 29 1791 2.82 1.0 4.74 - - −8.26 ± 0.30 0.63 0.37 N dust, RV jitter
221776 0.15 - -13.69 79 9755 4.39 1.0 12.0 −13.74 ± 0.11 6 −13.46 ± 0.17 0.23 0.29 N dust, RV jitter
31553 1.85 0.06 -4.02 45 8163 699 1.0 111 - - −1.11 ± 0.36 0.78 0.27 Y -
27497 3.06 0.06 4.98 55 2865 1908 1.0 178 - - 6.80 ± 1.41 3.75 0.27 Y -
3627 3.12 0.11a -6.85 65 12015 853 1.0 144 −11.23 ± 0.17 19 - - - Y dust
212320 3.50 0.09 -4.16 57 6832 2420 1.0 197 - - −6.81 ± 0.54 2.65 0.26 Y dust
156115 5.09 0.38 -13.74 85 3732 5289 1.0 319 - - −8.16 ± 0.34 5.58 0.29 Y dust, also
small-amplitude
variations
21078 13.22 0.21 46.88 44 1239 35662 1.0 444 - - 47.47 ± 1.67 0.59 0.26 Y also an astrometric
binary
Remark: a: HD 3627: the O −C residuals are for the orbit with 19 CORAVEL velocities and 38 HERMES velocities.
distribution behaves as a reduced normal distribution N(0, 1).
Figure 3 reveals that 0.070 km s−1 is required3 to ensure the best
match between a N(0, 1) distribution (blue dashed line) and the
binary-free observed distribution (red curve). The same  value
was adopted for sample S1 (Fig. 4). However, because of the
smaller sample size, the resulting F2 distribution does not match
the expected N(0, 1) distribution as accurately as it does for the
Kepler reference sample R of Fig. 3.
The problem with this method based on the F2 distribution is
that it does not distinguish RV variations associated with orbital
motion from variations associated with RV jitter in K giants.
Thus, stars flagged as having a probability of unity of being RV
variables are not necessarily spectroscopic binaries. Therefore, a
3 instead of 0.055 km s−1 as stated in Sect. 3
visual inspection of the RV data is necessary to identify those
RV variables where no obvious evidence of orbital motion is
present. Those are flagged as ‘jitter’ in Table 5 for sample S1.
This RV jitter has been reported by for example Mayor et al.
(1984), Carney et al. (2003), and Hekker et al. (2008) to increase
with luminosity. This is also the case in sample S1, as revealed
by Fig. 1 where stars with RV jitter are identified with crosses.
These stars are indeed restricted to the highest luminosities in
the HR diagram, as confirmed from Fig. 5.
Visual inspection of the RV curve also revealed that a drift
seems to be present in the RV data of some of the S1 stars (like
HD 119853; Fig. C.15). To set this visual feeling on objective
grounds, methods (ii) and (iii) were used, that is, comparing the
HERMES average velocity for a given target with other data sets,
most often the Famaey et al. (2005) or the Gaia DR2 RV sets.
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Fig. 3. Top panel: Distribution of HERMES σ j(RV) per star j
of the reference sample (R) of CoRoT/Kepler K giants. Bottom:
F2 j distribution for the same sample. In black is drawn the full
sample, and in red the sample with binaries removed (F2 ≥ 3.0),
which leads to an almost perfect match between the binary-free
observed F2 distribution (red curve) and the expected N(0, 1)
normal-reduced distribution (blue curve).
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Fig. 4. Same as Fig. 3 but for sample S1.
Since the former covers epochs not overlapping with the time-
span of the HERMES observations, any long-term drift will be
easily detected as an offset between the two data sets. However,
merging different RV sets requires careful a priori evaluation of
possible zero-point offsets between them. The HERMES data
Fig. 5. Radial-velocity standard deviation (σ(RV), or σ(O-C) in
case of orbital SBs) vs. luminosity for sample S1. Symbols are
as follows: filled squares show stars with small-amplitude vari-
ations, large open circles signify SBs, crosses represent stars
showing jitter, open squares show stars with no special features.
We note that the jitter stars and those with small-amplitude RV
variations are among the most luminous ones, as expected.
set has been tied to the IAU system thanks to the use of Udry
et al. (1999) RV standard stars. The Famaey et al. (2005) data
set, which uses CORAVEL velocities (Baranne et al. 1979), is
also tied to the IAU system, as checked by Gontcharov (2006;
see his Tables 2 and 3). Therefore, there should be no offset be-
tween the HERMES and Famaey et al. (2005) RV sets, meaning
that the latter may be used to detect long-term trends. Table 5
(for sample S1) lists the average velocity and its associated error
σ = σF(RV)/
√
NF for the Famaey et al. (2005) RVs whenever
available.
De Medeiros & Mayor (1999) also studied several stars that
are in common with our sample. Nevertheless, we have not used
any of the results found by these latter authors in our study, be-
cause (i) their study relies on older CORAVEL measurements
that were not yet tied to the IAU system (and indeed there ap-
pears to be an offset between the HERMES system and this old
CORAVEL system, which we did not try to correct at the re-
quired accuracy level; see also Sect. 2.1 and Fig. 1 of Escorza
et al. 2019), and (ii) they do not add any new information.
Similarly, the offset between the average HERMES and Gaia
DR2 velocities has been computed and is listed in Table 5 as
|RVG − RVH |. However, this offset should first be compared to
the uncertainty on RVG before being used to identify a velocity
drift. This uncertainty (RVG) was computed in the following
manner. Figure 3 of Katz & Brown (2017) presents the expected
accuracy of the average Gaia RV as a function of the number
of transits used to compute it, and the stellar magnitude GRVS in
the Radial Velocity Spectrometer pass band. For sample S1, an
average of eight RV transits were used to derive RVG. Therefore,
the corresponding curve has been approximated by a Lagrange
9
A. Jorissen et al.: Li-rich K giants, dust excess, and binarity,
polynomial of degree 5 in GRVS, as follows:
(RVG) = −0.429 + 1.019 GRVS
−4.456 10−1 G2RVS + 8.542 10−2 G3RVS
− 7.629 10−3 G4RVS + 2.626 10−4 G5RVS. (3)
For sample R, the GRVS magnitude was computed from the Gaia
G magnitude using the G−GRVS calibration from Table 2 of Jordi
(2018), namely
G−GRVS = 0.4433+1.9100 (r−i)−0.6984 (r−i)2+0.0787 (r−i)3,
(4)
with the r − i index derived from the Sloan Digital Sky Survey
Data Release 12 (Alam et al. 2015). For sample S1, the GRVS
magnitude was computed from the Gaia G magnitude using a
slightly different G − GRVS calibration from Table 2 of Jordi
(2018), namely
G−GRVS = 0.017+1.0810 (V−I)−0.1694 (V−I)2+0.0075 (V−I)3,
(5)
with the Johnson - Cousins V − I index derived from the
Hipparcos catalogue (ESA 1997). If neither V − I nor r − i were
available, the typical value G − GRVS = 1 was used instead. A
drift was considered as very likely when the |RVG − RVH | off-
set was found to be at least twice larger than the uncertainty
(RVG). These situations are outlined in bold face in Tables A.2
and 5 corresponding to samples R and S1, respectively. All the
other targets have |RVG − RVH | ≤ 0.3 km s−1 (already discussed
by Jorissen et al. 2019), with the exception of HD 112127 where
it amounts to 0.41 km s−1. Table 5 provides as well the average
velocity RVF of the Famaey et al. (2005) data set, and again any
offset |RVF − RVH | ≥ 2 σF/
√
NF is outlined in boldface.
The above estimate of (RVG) is also used in method (iii)
to flag binarity when the Gaia DR2 RV standard deviation (in
column RVG) is at least twice larger than (RVG). As above for
method (ii), these values are outlined in bold face in Tables A.2
and 5.
Coming back to method (ii), that is, detecting binarity from
the offset between HERMES RVH and Gaia DR2 RVG, we stress
that the efficiency of this method is largely dependent upon
the period and amplitude of the binary system and upon the
HERMES and Gaia DR2 respective time spans. Gaia DR2 mea-
surements span from 25 July 2014 to 23 May 2016 (56 864 ≤
(JD − 2 400 000) ≤ 57 532, corresponding to 662 d). For sam-
ple R, Gaia DR2 and HERMES time ranges are disjointed as the
HERMES observations started in May 2016 (JD 2 457 509) and
the current data set extends up to August 2019 (JD 2 458 727).
This situation is the most favourable to detect a RV drift between
the two data sets which come in succession. A long-period bi-
nary will be detected if it causes an offset between the average
Gaia DR2 and HERMES velocities that exceeds 2 × 0.3 km s−1.
For sample S1, the situation is not as clear cut because the
HERMES S1 time-span (April 2009 – August 2019) encom-
passes the Gaia DR2 epochs. Hence, the possible offset between
their respective average RVs will strongly depend on their time
sampling and their distribution over the orbital cycle. It is there-
fore impossible to make definite predictions in this case.
In summary, to flag a star as binary, either a satisfactory orbit
is computable, or at least two of the following criteria must be
satisfied:
(i) The probability that the star has a variable (HERMES) RV is
strictly larger than 0.99;
(ii) a drift is seen in the HERMES data, and is confirmed by
a significant offset |RVF − RVH | ≥ 2 σF/
√
NF , or |RVG −
RVH | ≥ 2 (RVG);
(iii) the standard deviation of the Gaia DR2 RV is larger than
2 (RVG).
Regarding criterion (iii), which was the only one available to
detect binaries in sample S2, its efficiency has been evaluated by
Jorissen (2020). Although that diagnostic offers a good detection
efficiency for systems with orbital periods up to 1000 d (Fig. 6
of Jorissen 2020), its efficiency decreases for longer-period bi-
naries.
Based on the extensive data available for stars of sample S1,
we present in Table 5 (in column labelled SB) our final diagnos-
tic regarding the single or binary nature of the S1 targets, and in
Table A.2 we do the same for the targets of sample R. Section 5.2
presents additional comments on some S1 targets.
We defer the evaluation of the binary frequencies in these
two samples to Sect. 5.3, and the discussion as to whether or
not the binary frequencies among Li-rich and dusty K giants are
compatible with that in the reference sample R to Sect. 5.5.
5.2. Comments on individual stars in sample S1
Not mentioned in Table 5 are the RV data from Fekel & Watson
(1998) which confirm the absence of any long-term drift for
HD 6, HD 153687, and HD 221776 – and thus their non-binary
nature. HD 153687 and HD 221776 are nevertheless flagged as
RV variables by the F2 criterion, but a look at their RV curves
(Figs. C.16 and C.17) reveals no orbital signature. These stars
are therefore flagged as ‘RV jitter’. Similar RV jitter is observed
for HD 9746 and HD 30834 (Figs. C.3 and C.4), and it is note-
worthy that all four jitter stars have their F2 values just above the
threshold value flagging them as RV variables (F2 around 4 for
HD 9746, HD 30834 and HD 153687, and 12 for HD 221776).
These F2 values nevertheless remain much smaller than those of
the genuine SB (F2 in excess of 25). Fekel & Watson (1998) also
report scattered velocities for HD 30834 (−16.7,−17.1,−17.2,
and −17.6 km s−1, as compared to −17.1 ± 0.1 km s−1 from
HERMES).
HD 34043 has a F2 of 3.27 and a probability of 0.99 of hav-
ing a variable RV. Although not formally flagged as a RV vari-
able, HD 34043 is very close to the adopted threshold, and may
be considered as a further case of RV jitter (Fig. C.5).
With σ(RV) = 0.30 km s−1 and F2 = 25.5, HD 39853 is
formally flagged as RV variable from the HERMES data; how-
ever, its RV curve does not reveal any clear long-term drift (Top
panel of Fig. C.6). The Pulkovo catalogue provides a velocity
of 81.3 ± 0.4 km s−1 as compared to 81.60 ± 0.3 km s−1 for
HERMES, confirming the absence of large-amplitude variations.
However, a periodogram analysis based on the phase-dispersion-
minimisation method of Stellingwerf (1978) (Fig. C.7) reveals
the existence of a periodic signal of small amplitude (K ∼
0.2 km s−1), with a period that could either be 106 or 282 d,
and with zero eccentricity (the 282 d signal is represented on
the upper panel of Fig. C.7). This would imply very small mass
functions of either 8.8 × 10−8 M (for the 106 d period) or
1.7 × 10−7 M (for the 282 d period). If these variations were
indeed associated to a Keplerian motion (rather than to enve-
lope pulsations), they would correspond to a companion of 6 to
7 Jupiter masses (assuming a stellar mass of 1.5 M and an orbit
seen edge-on).
The HERMES data reveal a long-term drift for HD 119853
(Fig. C.15) and therefore this star should be included in the
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category of possible binaries (labelled ‘SB?’). This conclusion
is supported by the velocity listed in the Pulkovo catalogue
(−9.7 ± 0.8 km s−1; Gontcharov 2006), 1σ away from the
HERMES average velocity (-8.67 km s−1). The velocities (−10.2
and −8.7 km s−1) measured by Fekel & Watson (1998) also sup-
port the hypothesis that HD 119853 is a binary system.
Hints that HD 43827 (Fig. C.9) could have a variable veloc-
ity are provided by the Pulkovo catalogue (−6.5 ± 0.8 km s−1
as compared to −8.0 km s−1 from HERMES and to −8.2 and
−8.5 km s−1 from Fekel & Watson 1998). However, since these
variations could also be caused by an intrinsic RV jitter, as for
the other stars discussed above, HD 43827 is not included in our
list of binaries, especially since the HERMES velocities alone
are characterised by a small standard deviation of 0.08 km s−1.
HD 233517 is special in sample S1 since it is the only star
for which the two binary criteria involving Gaia DR2 data are
positive (and may thus be flagged as a binary according to the
criteria described in Sect. 5.1), whereas the HERMES F2 crite-
rion is not met, although it is not missed by a significant mar-
gin, as F2 = 0.99. Given the very specific SED of that star
(Fig. B.8), reminiscent of dusty post-AGB systems surrounded
by a circumbinary disc (Sect. 2.2), this binary classification is
not surprising.
5.3. Binary frequency in samples R and S1
In samples R and S1, there are 33/190 (17.4%) and 8/24 (33.3%)
stars, respectively, satisfying the conditions of Sect. 5.1 for def-
inite SBs, as summarised on line ‘Total (S1)’ in Table 8. We
slightly relaxed the above criteria to define possible SBs when
just one of the above conditions (i) – (iii) is satisfied. For sample
R, this yields 12/190 (or 6.3%) supplementary ‘SB?’. For sample
S1, this yields 8/24 stars, from which we nevertheless exclude 4
stars which we flag as ‘jitter’, a category made possible by the
large number of data points that do not reveal any orbital trend,
despite a probability of unity for the RV to be variable (see e.g.
Figs. C.4 and C.17 for HD 30834 and HD 221776, respectively).
In sample R, this category cannot be defined because the number
of data points is not large enough. In conclusion, the reference
sample R contains 17.4% SB and 6.3% SB? candidates, whereas
sample S1 contains in total 33.3% SB and another 33.3% SB?,
from which 16.7% must nevertheless be subtracted for they seem
to suffer from RV jitter.
It is interesting to note that, among the 45 SB+SB? candi-
dates in sample R, 37 were seen by HERMES and 8 (not detected
by HERMES) were added by Gaia DR2. Method (ii) based on
the HERMES–Gaia DR2 offset detected 26 binaries (or 58%
of the total number of binaries), whereas method (iii) based on
Gaia DR2 σ(RVG) alone detected 14 RV variables (31% of the
total number of binaries). The latter frequency corresponds to
the detection efficiency of method (iii); it will be very important
to correct in this way the binary frequency detected by method
(iii) on sample S2, for which no HERMES data are available yet
(Sect. 5.4).
5.4. Binary frequency in sample S2
In order to expand the sample of Li-rich stars on which the
binary frequency is being tested, we applied criterion (iii) of
Sect. 5.1, that is, using only the standard deviation of the Gaia
DR2 RVs, to a more extended sample of 56 Li-rich stars, as
described in Sect. 2.1. This extended sample of Li-rich stars
is listed in Table A.1, which provides the Gaia DR2 RV along
Table 6. Classification of stars from Table 5 (listed in the same
order) in samples S1 and S1’.
HD S1 S1’
type type Prob F2
RV Var
Li-rich
40827 cst cst 0.00 -3.0
116292 cst cst 0.00 -2.6
6665 cst cst 0.31 -0.5
63798 cst cst 0.03 -1.9
90633 cst cst 0.94 1.6
112127 SB? cst 0.58 0.2
233517 SB SB (0.92) (1.4) Gaia DR2 SB
30834 jitter cst 0.04 -1.8
9746 jitter cst 0.51 0.02
39853 SB? SB? 1.00 4.9
787 SB SB 1.00 11.3
not Li-rich
108741 cst cst 0.28 -0.6
6 cst cst 0.42 -0.2
119853 SB? cst 0.54 0.1
43827 cst cst 0.18 -0.9
34043 cst cst 0.97 1.9
153687 jitter SB? 1.00 2.7
221776 jitter cst 0.62 0.3
31553 SB SB 1.00 23.8
27497 SB SB 1.00 28.4
3627 SB SB 1.00 8.0
212320 SB SB 1.00 14.0
156115 SB SB 1.00 34.0
21078 SB SB 1.00 169.8
with its standard deviation σ(RV) and the expected uncertain-
ties (RV) when NRV = 8 or 40 RV measurements are available,
computed along the guidelines explained in Sect. 5.1. As before,
a star is flagged as a binary when itsσ(RV) is larger than 2 (RV)
with (RV) selected according to the number NRV of Gaia DR2
RV observations available.
There are 6 Gaia DR2 RV binaries out of 56 targets. Since
the Gaia DR2 method detects only binaries with short periods (as
shown by Fig. 6 of Jorissen 2020), a correction factor (1/0.31, as
derived at the end of Sect. 5.3) has to be applied to get the global
binary frequency. After this correction, a 34.6% frequency of bi-
naries is obtained among the Li-rich sample S2. Although this
method is the least efficient used so far (for the reason indicated
above), it is noteworthy that it provides a binary frequency sim-
ilar to that found for Li-rich K giants in sample S1 (36.4% for
SB+SB? as listed on line ‘Li-rich’ for sample S1 in Table 8).
Therefore, sample S2 does not alter the conclusion about the
normality of the binary frequency among Li-rich K giants that
is presented in Sect. 5.5.
5.5. Comparison of the binary frequencies (Li versus non-Li
K giants, and dusty versus non-dusty K giants)
In this section, we evaluate whether or not the binary frequen-
cies detected among the families of Li-rich K giants and dusty
K giants are typical among K giants. Two methods are used for
that purpose. Method (a) is solely based on the data collected
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Fig. 6. Same as Fig. 4 but for S1 resampled (S1’) so as to mimic
the R-sample in terms of ∆t and Nobs.
for sample S1 (hence it is referred to as the ‘internal method’),
estimating the binary frequency directly from the whole sam-
ple, irrespective of the dusty or Li subtypes, whereas method
(b) uses as reference the binary frequency obtained in the refer-
ence sample R (hence its name ‘external method’). Each method
has its specific advantages and disadvantages. For that reason,
both methods are used in the following. In method (a), we com-
pare the binary frequency among Li-rich and non-Li stars, and
among dusty and non-dusty stars. In addition to the small sample
size, the other potential problem with method (a) is the fact that
the binary frequency in the comparison sample of non-Li-rich
stars might not be normal. This could arise if the dusty K giants
are not equally balanced between Li-rich and non-Li-rich stars,
since dusty K giants might include a large proportion of binary
stars.
Method (b) does not suffer from these flaws since it is based
on the much larger and unbiased reference sample R contain-
ing 190 K giant stars; however, it relies on far fewer RV mea-
surements (just a few; see Fig. 2) and therefore its efficiency
in detecting binary systems could possibly be much lower than
method (a). A way to partially circumvent this weakness of
method (b) is to compare the binary frequencies in samples with
the same measurement-sampling properties in terms of number
of measurements Nobs and of their time span ∆t. Therefore, we
built a new sample S1’ from sample S1, ensuring that the sam-
pling properties of S1’ are very similar to those of R. We first
select pairs (Nobs, ∆t), represented by red crosses in Fig. 2, dis-
tributed similarly to those of sample R (open squares in Fig. 2),
and assign them to S1 targets, in such a way that the actual time
span of the S1 measurements of the considered star is larger than
or equal to the assigned ∆t. Subsequently, along the time span
∆t, we randomly select Nobs−2 measurements among the initial
ones from S1 (fixing the extreme measurements to preserve the
∆t assignment). These measurements form a subset of the initial
S1 ones, and define sample S1’. The stars considered as bina-
ries in sample S1’ according to the rules defined in Sect. 5.1 are
Table 7. Illustration of a 2×2 contingency table, where a, b, c, d
are integers denoting the number of individuals in the respective
cells.
SB non-SB Total
Li-rich a c Nx1 = a + c
no-Li b d Nx2 = b + d
Total Ny1 = a + b Ny2 = c + d N = a + b + c + d
shown in Table 6. They are not exactly the same as in sample
S1. As in S1, HD 233517 is considered a SB according to the
Gaia DR2 σ(RV) criterion. The F2 distribution for sample S1’
is illustrated in Fig. 6. As for sample S1, a binary star requires
the RV-variability probability to be > 0.99 (with F2 in the range
2.7 – 5 for SB? and F2 > 5 for SB).
The small number of observations per star available in sam-
ple R forbids us from distinguishing between ‘jitter’ stars and
‘SB?’ stars. Therefore, category ‘jitter’ is no longer considered
in method (b).
Both methods (a) and (b) rely on the same premise, namely
the ‘test of equality of two proportions’ based on a ‘contin-
gency table’. A basic description of the principles of this method
may be found in for example section 14.4 of Numerical Recipes
(Press et al. 2007) or in Agresti (2012). The situation is as fol-
lows. Each target star has two different properties associated
with it (in our case Li-rich or not-Li-rich and binary or non-
binary in the simplest situation), and we want to know whether
knowledge of one property gives us any demonstrable advantage
in predicting the value of the other property. In other words, we
want to know whether or not these quantities are ‘associated’ or
‘correlated’. For such a pair of variables, the data can be dis-
played as a ‘contingency table’, that is, a table whose rows are
labelled by the value of one property, and the columns by the
value of the other property, and whose entries are non-negative
integers giving the number of observed targets for each combina-
tion of row and column. We first present the method in the sim-
plified situation expressed above where one property is Li-rich
(or not) and the other is SB (or not). This classification scheme
defines a 2 × 2 contingency table, as shown in Table 7, where
the Li property corresponds to the rows of the contingency table
(identified by the subscript x in what follows; each row contain-
ing Nx stars), whereas the SB property corresponds to columns
(denoted by subscript y in what follows).
The null hypothesis,
H0 : p1 = p2, (6)
tests the equality of the two proportions p1 = a/Nx1 = p2 =
b/Nx2, with a and b defined in Table 7. In our specific situa-
tion, this means testing whether the frequency of SB may be
considered the same in the Li-rich and non-Li categories. The
hypergeometric distribution law then allows one to evaluate the
probability of encountering, under the hypothesis that H0 holds
true, a distribution as deviant as the one actually observed. The
probability of obtaining the value a under H0 is then expressed
by
P(a) =
Caa+c C
b
b+d
Ca+ba+b+c+d
=
(a + c)! (b + d)! (a + b)! (c + d)!
a! b! c! d! (a + b + c + d)!
, (7)
where Cmn =
n!
(n−m)! m! is the number of combinations of m ob-
jects among n (> m). If the probability of obtaining the value
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Table 8. Contingency tables testing the correlation between binarity frequency and dusty or Li-rich nature. See text (Sect. 5.5) for
the meaning of the symbols. Methods (a) and (b) differ by the way the binary frequencies are compared: method (a) makes an
internal comparison (i.e. dust vs. no-dust, Li-rich vs. no-Li, and therefore the significance given in the last column refers to such
an internal comparison), whereas method (b) compares them with that in the reference sample R. Therefore, for method (b), the
significance in the last column refers to the contingency tables constructed from the considered row and the last row referring to
sample R. Method (a) applies to sample S1 whereas method (b) applies to sample S1’.
Method (a) on S1
const. jitter SB? SB Total const. jitter SB? SB Total Significance of H0
counts n Observed p (%) (internal)
dust 0 3 1 4 8 0.0 37.5 12.5 50.0 100%
no-dust 9 1 2 4 16 56.3 6.2 12.5 25.0 100%
1.6%
Li-rich 5 2 2 2 11 45.4 18.2 18.2 18.2 100%
no-Li 4 2 1 6 13 30.8 15.4 7.7 46.2 100%
54.3%
Total Ny (S1) 9 4 3 8 24 37.5 16.7 12.5 33.3 Expected p (%)
Method (b) on S1’
const. SB? SB Total const. SB? SB Total Significance of H0
counts n Observed p (%) (external w.r.t. R)
Total Ny (S1’) 14 2 8 24 58.3 8.3 33.4 100% 13.0%
dust 3 1 4 8 37.5 12.5 50.0 100% 3.3%
no-dust 11 1 4 16 68.75 6.25 25.0 100% 63.6%
Li-rich 8 1 2 11 72.7 9.1 18.2 100% 73.3%
no-Li 6 1 6 13 46.2 7.6 46.2 100% 2.4%
Total Ny (R) 145 12 33 190 76.3 6.3 17.4 Expected p (%)
a or a value more deviant than a is low, this means that the ob-
served counts are not consistent with the null hypothesis of equal
proportions, and the null hypothesis must be rejected (at a signif-
icance level that we specify below). If we assume that the table
is ordered in such a way that the first sample is the least numer-
ous (i.e. Nx1 ≤ Nx2, or a + c ≤ b + d) and the first category is
the least frequent (i.e. Ny1 ≤ Ny2, or a + b ≤ c + d), then the
number a counting the number of individuals in the first sample
and in the first category is necessarily somewhere between zero
and the minimum of (Nx1,Ny1), or (a + c, a + b). If we further
assume that a < µa, where µa is the expected value for a, namely
µa = py1×Nx1 = (a+b) (a+c)/(a+b+c+d), then p1 < p2, and the
significance level with which the null hypothesis may be rejected
is obtained by summing the hypergeometric probabilities P(n) of
Eq. 7 for n going from zero to a. More precisely, for a bilateral
test, the null hypothesis may be rejected at a significance level
(of approximately4) α if that probability sums up to α/2. This is
known as the Fisher exact test for a 2× 2 contingency table (e.g.
Agresti 2012). In cases where the two samples are categorised on
more than two parameters, as we do in Table 8 with the four cate-
gories ‘RV constant’, ‘RV jitter’, ‘SB?’, and ‘SB’ (method a; for
method b, the category ‘RV jitter’ does not exist as the number
of data points is too small to distinguish between ‘RV jitter’ and
‘SB?’), the Fisher test has to be generalised along the same prin-
4 Because of the discrete character of the hypergeometric distribu-
tion, this is only approximate, since the anomalous cases at each side of
the distribution do not yield exactly the same tail probabilities.
ciples as above, but this time using the generalised hypergeomet-
ric distribution. However, the number of computations becomes
rapidly gigantic; fortunately, there are several calculators avail-
able online for computing the significance level when rejecting
the null hypothesis for higher-order contingency tables. We used
the one available at http://vassarstats.net/fisher2x4.html, based
on the extension of the Fisher test by Freeman & Halton (1951).
We discuss the results of the tests in the following sections.
5.5.1. Internal method (a)
The conclusions resulting from the statistical analysis with
method (a) are twofold (they are presented in the upper part of
Table 8). First, regarding the Li-rich K giants, the comparison of
Li-rich and non-Li K giants reveals no significant difference in
the binary frequencies between these two groups (since the first-
kind risk of erroneously rejecting the H0 hypothesis while it is
true is as large as 54.3%). If anything, there even seems to be
a deficit of SB among Li-rich K giants, since there are 18.2%
large-amplitude binaries among those (2/11), as compared to
46.2% (6/13) in the comparison sample of non Li-rich K giants.
However, rather than resulting from an actual deficit of binaries
among Li-rich stars (not confirmed by method b; see Sect. 5.5.2),
the above imbalance seems to be caused by the fact that the com-
parison sample of non-Li-rich stars contains several dusty K gi-
ants, and this class seems to host an anomalously large number
of binaries. Indeed, the analysis of the dusty versus non-dusty
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contingency table reveals a significant difference in their binary
frequencies, with a first-kind risk when rejecting the H0 hypoth-
esis of only 1.6%. Method (b) indeed reveals that this imbalance
is caused by the presence of an unusually high frequency of bina-
ries among dusty K giants as compared to the reference sample
R (first-kind risk of 3.3% only; Sect. 5.5.2).
The difference between dusty and non-dusty K giants further
extends to the jitter category, which is in excess among dusty
K giants (37.5%, or 3 stars among 8), as compared to 6.25% or
1/16 among the non-dusty K giants. A likely explanation is that
the dusty K giants are on average more luminous than the non-
dusty ones and hence more prone to RV jitter, as jitter is known
to increase with luminosity (e.g. Mayor et al. 1984; Carney et al.
2003; Hekker et al. 2008). This hypothesis is indeed confirmed
by the location of dusty and RV-jitter stars in the HR diagram, as
discussed in Sect. 2.2.3 in relation with Fig. 1. Overall, the dusty
K giants do not include a single case of constant RV (0/8), and
this result is highly significant because 56% (9/16) of the stars
in the non-dusty sample are constant-RV stars.
5.5.2. External method (b)
The results from the statistical analysis using method (b) are pre-
sented in the lower part of Table 8. It should be read in the fol-
lowing way: 3 × 2 contingency tables were built by combining
any of the first lines with the last one corresponding to sample
R, and the resulting first-kind risk of rejecting the null hypothe-
sis H0 (that the binary frequency is the same in the two samples
being compared) while it is true is listed in the last column.
As already hinted at in Sect. 5.5.1, the comparison with the
reference sample R now makes it quite clear that the frequency
of binaries in the sample of dusty K giants is significantly higher
than in the reference sample of K giants (with a first-kind risk
when rejecting the H0 hypothesis of 3.3%), whereas the binary
frequency among Li-rich giants is totally normal (with a first-
kind risk as high as 73.3%). The high frequency of binaries
among non-Li-rich stars simply reflects the larger number of
dusty stars among this subsample than among Li-rich giants.
We also note that the binary frequency (SB+SB?) in sample
S1’ is almost identical to that in sample S1, namely 10 and 11
stars, respectively, as seen by comparing the lines labelled ‘Total
(S1)’ and ‘Total (S1’)’ in Table 8.
5.5.3. Comparison with literature
To conclude this section, it is worth mentioning that the overall
binary frequency in sample S1 of 24 K giants, namely 10/24
or 11/24 or 41.7 – 45.8% (Rows Ny1 of Table 8) is higher than
that obtained by studying more extended samples, but this may
simply reflect the relatively large fraction of dusty K giants in
sample S1, and their associated binary nature.
In contrast, sample R has a binary frequency (17.4 – 23.7%)
well in line with that derived by previous studies focusing on K
giants. For instance, among 5643 field K giants, Famaey et al.
(2005) found 14.5% spectroscopic binaries (with a number of
RV points per target of only 2 or 3, comparable to that of sample
R), a result in agreement with those of Harris & McClure (1983)
(15 to 20% binaries) and of Mermilliod et al. (2007) (16 ± 2%
of binaries after 3 RV measurements). The more recent analysis
of GES data (Merle et al. 2020), with a SB1 fraction of 21 ± 3%
among K giants, confirms the results of all previous analyses,
including our present result for sample R binary frequency.
6. Conclusions
The main conclusion of our analysis is that the binary frequency
among Li-rich K giants is normal when compared to that found
under similar observing conditions in a reference sample of 190
K giants. Therefore, the claim by Casey et al. (2019) that there
is a link between binarity and Li excess through tidal effects is
not supported by our study, since this would require a 100% fre-
quency of binaries among Li-rich stars, which is clearly not ob-
served. There is also no correlation between Li-richness and the
presence of circumstellar dust. The only correlation that could
be found between Li enrichment and rapid rotation is that the
most Li-enriched K giants appear to be fast-rotating stars. The
availability of Gaia parallaxes allowed us to locate the S1 targets
in the HR diagram, from which it appears that:
– The only two long-period binary systems among Li-rich K
giants (HD 787 and HD 233517) are not in the red clump
but are at a much higher luminosity (either on the RGB or
early-AGB).
– Despite the fact that our S1 sample contains several binary
systems in the red clump, none of those among the Li-rich K
giants in the red clump are binaries.
– Three among the four binary (non-Li-rich) stars in the red
clump (HD 3627, HD 119853 and HD 212320) are sur-
rounded by cool dust. The five other dusty stars are located
along the giant branches (either RGB or early-AGB).
– The stars with RV jitter (crosses in Figs. 1 and 5) are among
the most luminous in the sample, hinting at some intrin-
sic origin (perhaps non-radial pulsations) for this jitter (see
Hatzes et al. 2018, for a recent discussion). Furthermore,
those among the most luminous stars which do not exhibit
RV jitter show small-amplitude regular RV variations (small
red dots in Fig. 1). HD 112127 is a special case since its
RV variations are difficult to characterise, simultaneously ex-
hibiting short-period, small-amplitude variations and a long-
term velocity drift, sometimes interrupted by some sort of
RV jitter (Fig. C.13).
We also find that dusty K giants are either the most luminous
among K giants along the RGB or early-AGB, or are binaries
located in the red clump.
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Appendix A: Detailed properties of samples S and
R
Table A.1 lists all relevant properties for sample S2 of Li-rich K
giants collected from Bharat Kumar et al. (2015) and Charbonnel
et al. (2019). In Table A.2, all details are provided about sample
R consisting in 190 Kepler and CoRoT K giants, serving as refer-
ence sample to which the binary frequency among Li-rich giants
may be compared.
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Table A.1. Sample S2 of Li-rich K giants collected from Bharat Kumar et al. (2015) and Charbonnel et al. (2019). An asterisk in
column ‘Name’ denotes a star already present in sample S1. When V − I is not available to convert Gaia G magnitudes into GRVS
magnitudes, a typical offset of 1 mag was adopted. Values of the Gaia RV standard deviation σRV in bold face correspond to stars
flagged as binaries.
Name V − I G GRVS RV σRV NRV
NRV = 8 NRV = 40
(km s−1) (km s−1) (km s−1)
HD 3750 1.06 5.68 4.71 0.26 0.13 0.12 40
HD 4042 0.92 6.51 5.65 0.25 0.12 0.13 19
HD 5395 1.01 4.28 3.35 0.35 0.17 0.42 12
HD 6665 * 1.15 8.06 7.03 0.27 0.13 0.19 7
HD 8676 1.02 7.48 6.54 0.26 0.13 0.13 45
HD 9746 * 1.20 5.46 4.39 0.28 0.14 0.14 16
HD 10437 1.04 6.26 5.31 0.25 0.13 0.12 38
HD 12203 0.98 6.47 5.56 0.25 0.12 0.13 11
HD 19745 8.78 7.78 0.29 0.15 0.19 10
HD 30197 1.10 5.62 4.63 0.27 0.13 1.79 17
HD 37719 1.04 7.33 6.38 0.25 0.13 0.16 12
HD 40168 0.99 6.58 5.66 0.25 0.12 0.20 12
HD 40827 * 1.08 6.02 5.04 0.26 0.13 0.18 15
HD 51367 1.11 6.67 5.67 0.25 0.12 0.15 13
HD 63798 * 0.93 6.23 5.37 0.25 0.13 0.15 19
HD 233517 * 9.27 8.27 0.31 0.16 1.53 3
HD 77361 1.08 5.88 4.90 0.26 0.13 0.12 20
HD 83506 1.00 4.84 3.92 0.31 0.15 0.21 16
HD 85563 1.12 5.25 4.24 0.29 0.14 1.99 22
HD 88476 0.93 6.61 5.74 0.25 0.12 0.15 8
HD 90507 0.92 6.50 5.64 0.25 0.12 0.14 12
HD 90633 * 1.10 6.00 5.01 0.26 0.13 0.13 17
HD 93859 1.10 5.31 4.32 0.28 0.14 0.14 11
HD 102845 0.94 5.87 4.99 0.26 0.13 0.14 21
HD 106574 1.14 5.33 4.31 0.28 0.14 0.15 14
HD 107484 1.12 7.39 6.38 0.25 0.13 0.15 17
HD 108471 0.93 6.10 5.24 0.25 0.13 0.16 18
HD 112127 * 1.15 6.53 5.50 0.25 0.12 0.14 24
HD 113049 1.00 5.70 4.79 0.26 0.13 0.49 22
HD 115299 1.08 7.21 6.23 0.25 0.13 0.24 11
HD 116292 * 0.97 5.05 4.15 0.29 0.15 0.14 11
IRAS 13313-5838 12.34 11.34 1.49 0.75 0.75 21
HD 118319 1.00 6.18 5.26 0.25 0.13 0.12 4
HD 120602 0.90 5.77 4.93 0.26 0.13 0.13 8
IRAS 13539-4153 12.16 11.16 1.31 0.66 0.50 7
HD 133086 0.97 6.56 5.66 0.25 0.12 0.14 13
HD 145457 1.01 6.28 5.35 0.25 0.13 0.13 24
HD 148293 1.08 4.92 3.94 0.30 0.15 0.13 10
HD 150902 1.04 7.63 6.68 0.26 0.13 0.14 14
HD 160781 1.23 5.54 4.45 0.28 0.14 0.14 12
IRAS 17596-3952 11.80 10.80 1.01 0.51 2.70 3
HD 167304 1.01 6.07 5.14 0.25 0.13 0.14 13
HD 170527 0.97 6.72 5.82 0.25 0.12 0.32 12
TYC 3105-00152-1 9.53 8.53 0.33 0.17 0.23 3
HD 183492 1.02 5.26 4.32 0.28 0.14 0.17 14
V859 Aql 9.78 8.78 0.35 0.18 0.19 10
HD 186815 0.89 6.03 5.20 0.25 0.13 0.15 11
HD 194937 1.04 5.92 4.97 0.26 0.13 0.15 18
HD 196857 0.98 5.50 4.59 0.27 0.13 0.15 13
HD 199437 1.11 4.98 3.98 0.30 0.15 0.15 13
HD 203136 0.93 7.51 6.64 0.26 0.13 0.16 16
HD 206078 0.95 6.85 5.97 0.25 0.12 0.13 15
HD 212430 0.95 5.49 4.61 0.27 0.13 0.15 5
HD 214995 1.08 5.58 4.60 0.27 0.13 0.23 6
HD 217352 1.11 6.76 5.76 0.25 0.12 0.78 7
HD 219025 1.17 7.33 6.29 0.25 0.13 0.30 16
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Table A.2. Sample R (Kepler and CoRoT K giants) and its binary properties (see Sect. 5.1). The column labelled σ j(RV) lists the
RV standard deviation for the corresponding star j. For systems with orbital solutions, the third column lists the standard deviation
of the O − C residuals. NobsH j is the number of HERMES RV observations for star j, and RVH their average; ∆t is their time
span. The next two columns list the reduced χ2, i.e. χ2j/ν j (with ν j = NobsH j − 1), and the associated probability that the star has
a variable RV. The column labelled ‘Type’ mentions whether the star is Li-rich or surrounded by dust. The column labelled ‘SB’
marks the final decision about binarity, from HERMES and Gaia DR2 (Gaia Collaboration et al. 2018) data (see text). In column
labelled ‘SB’, ‘outlier’ means that one data point is responsible for the larger than expected σ j(RV) value. The Gaia DR2 RV and its
associated standard deviation is listed in column RVG. (RVG) is the expected uncertainty on the Gaia DR2 RV (see Eq. 3). Values
in bold face identify fulfilled binary criteria.
KIC/CoRoT σ j(RV) σ(O −C) RVH NobsH ∆t χ2j/ν j Prob. F2 j RVG ± σ(RVG) (RVG) |RVG − RVH | G GRVS SB
(km s−1) (km s−1) (km s−1) (d) RV var (km s−1) (km s−1) (km s−1)
1160789 0.05 - -25.51 3 298 0.61 0.46 -0.12 8.86
1161618 2.28 - -51.05 6 1074 1060 1.00 43.84 −47.14 0.18 0.37 3.91 10.17 8.96 Y
1433730 0.07 - -2.21 5 753 1.13 0.66 0.41 −1.82 0.35 0.57 0.39 10.87 9.92
1572780 0.04 - 20.45 3 761 0.30 0.26 -0.67 21.14 0.26 0.38 0.69 10.26 8.99
1720425 0.02 - -19.56 3 758 0.12 0.12 -1.18 9.69
1724879 0.09 - -16.99 6 1362 1.53 0.82 0.94 −16.57 0.36 0.49 0.42 10.74 9.62
1725190 0.06 - -18.16 4 269 0.85 0.53 0.08 −17.71 0.31 0.34 0.45 9.19 8.63
1726211 0.15 - -127.21 3 748 4.30 0.99 2.21 −126.85 0.36 0.57 0.36 10.92 9.90
1864959 0.04 - -27.21 5 674 0.33 0.14 -1.08 −27.37 0.20 0.28 0.16 8.75 7.61
1865747 0.10 - 18.49 4 1071 1.89 0.87 1.14 18.58 0.75 0.51 0.09 10.75 9.72
1995859 0.08 - 17.21 5 679 1.42 0.77 0.76 17.51 0.30 0.55 0.30 10.86 9.86
2015820 0.09 - -19.67 8 1084 1.70 0.90 1.26 −19.18 0.25 0.34 0.49 9.51 8.59
2016706 0.08 - -7.06 3 760 1.20 0.70 0.52 −6.72 0.33 0.48 0.34 10.59 9.59
2140982 0.05 -5.25 3 323 0.45 0.36 -0.37 -5.00 0.79 0.47 0.25 10.55 9.55
2141928 0.09 -56.97 3 324 1.69 0.82 0.91 -56.49 0.34 0.51 0.48 10.70 9.70
2160572 0.09 30.94 3 671 1.61 0.80 0.85 30.77 0.29 0.56 0.17 10.90 9.88
2164327 0.33 -4.73 4 1070 21.89 1.00 6.88 -3.84 0.37 0.53 0.89 10.79 9.79 Y
2167774 5.66 -25.76 7 1089 6533 1.00 92.14 -22.94 4.34 0.36 2.82 9.87 8.87 Y
2283075 8.67 0.107 15.47 18 1037 15331 1.00 208.65 17.88 4.25 0.56 2.41 10.88 9.88 Y ORB
2285898 0.09 20.26 8 1101 1.63 0.88 1.17 20.96 0.37 0.55 0.70 10.82 9.83
2303367 0.60 -35.02 8 1118 73.01 1.00 18.02 10.17 outlier
2305930 0.21 -119.66 10 1127 5.71 1.00 5.17 -119.78 0.51 0.39 0.12 10.78 9.08 outlier
2309550 0.03 -10.11 3 289 0.16 0.15 -1.03 -10.13 0.21 0.28 0.02 9.19 7.33
2310129 0.02 12.88 4 637 0.11 0.04 -1.66 13.43 0.57 0.57 0.55 10.90 9.91
2424934 0.09 -13.37 7 758 1.57 0.85 1.03 -12.93 0.51 0.43 0.44 10.36 9.32
2447604 0.40 20.27 4 1079 31.91 1.00 8.25 22.04 0.32 0.52 1.77 10.73 9.76 Y
2448225 0.08 -21.09 4 1052 1.31 0.73 0.61 -20.67 0.14 0.52 0.42 10.78 9.76
2583651 0.04 -25.55 3 763 0.36 0.30 -0.53 -25.34 0.25 0.48 0.21 10.58 9.58
2583884 0.06 -21.54 3 435 0.82 0.56 0.15 -21.12 0.22 0.45 0.42 10.44 9.44
2695267 0.16 -5.22 11 1122 5.03 1.00 4.94 -4.42 1.05 0.33 0.80 9.48 8.48 Y
2714397 0.04 -172.31 4 651 0.37 0.23 -0.76 -172.29 0.36 0.53 0.02 10.49 9.79
2831788 0.03 -36.50 3 322 0.19 0.17 -0.94 -36.40 0.22 0.37 0.10 9.97 8.97
2845408 0.08 -21.65 5 738 1.41 0.77 0.75 -21.16 0.37 0.51 0.49 10.64 9.71
2858440 0.07 13.93 3 310 0.91 0.60 0.24 13.91 0.61 0.50 0.02 10.70 9.69
2975717 0.11 -17.96 5 1105 2.53 0.96 1.77 -17.78 0.26 0.46 0.18 10.48 9.47
2987113 0.05 -6.27 3 428 0.59 0.44 -0.15 -5.81 0.26 0.53 0.46 10.60 9.76
2988988 0.05 -5.60 4 661 0.43 0.27 -0.62 -5.21 0.61 0.55 0.39 10.82 9.83
2992350 0.07 -58.77 4 680 1.01 0.61 0.28 -58.08 0.30 0.34 0.69 9.47 8.60 Y?
3001851 0.11 -78.84 6 1130 2.29 0.96 1.72 -78.69 0.71 0.40 0.15 10.14 9.14
3101632 0.20 8.64 8 1102 8.50 1.00 6.02 9.05 0.15 0.63 0.41 10.88 10.07 Y
3118806 0.07 -12.82 3 1492 0.88 0.58 0.21 -12.61 0.19 0.59 0.21 10.96 9.96
3127825 0.06 -25.20 3 760 0.70 0.50 -0.01 -25.04 0.38 0.54 0.16 10.80 9.80
3222670 0.11 6.91 4 1105 2.44 0.94 1.54 7.65 0.35 0.41 0.74 10.22 9.25
3231503 0.79 0.057 -23.93 8 1125 127.1 1.00 22.78 -24.82 0.39 0.50 0.89 10.65 9.66 Y ORB
3234396 0.03 -19.35 3 761 0.13 0.12 -1.15 -19.23 0.38 0.53 0.12 10.78 9.78
3234597 0.09 -12.06 6 958 1.62 0.85 1.04 -11.99 0.36 0.38 0.07 10.01 9.01
3234703 0.11 -38.13 3 671 2.46 0.91 1.39 -37.72 0.20 0.46 0.41 10.48 9.48
3241374 0.09 23.03 4 878 1.48 0.78 0.78 23.37 0.13 0.41 0.34 10.23 9.23
3247016 0.07 -12.33 5 774 0.87 0.52 0.04 -12.23 0.50 0.33 0.10 9.51 8.51
3324929 0.07 6.94 5 674 1.07 0.63 0.34 6.76 0.63 0.43 0.18 10.25 9.32
3336731 0.13 -37.18 6 1125 3.63 1.00 2.76 -36.12 0.27 0.43 1.06 10.29 9.36 Y
3337400 2.69 0.062 6.28 8 1132 1480 1.00 58.52 4.71 1.34 0.48 1.57 10.66 9.60 Y ORB
3341327 0.02 -12.48 4 648 0.11 0.05 -1.62 -11.54 1.29 0.46 0.94 10.51 9.51 Y
3427850 0.07 -35.75 3 311 0.87 0.58 0.19 -34.87 0.51 0.32 0.88 9.17 8.39 Y?
3429738 0.01 -4.77 3 297 0.01 0.01 -2.13 -4.32 0.20 0.38 0.45 10.02 9.02
3455760 0.81 0.030 -47.02 10 1445 134.95 1.00 26.44 -45.74 0.38 0.57 1.28 10.91 9.91 Y ORB
3457190 0.09 20.74 7 1131 1.74 0.89 1.25 21.29 0.22 0.39 0.55 10.08 9.08
3459109 0.05 4.12 3 431 0.53 0.41 -0.23 4.43 0.72 0.59 0.31 10.98 9.98
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Table A.2. Continued.
KIC/CoRoT σ j(RV) σ(O −C) RVH NobsH ∆t χ2j/ν j Prob. F2 j RVG ± σ(RVG) (RVG) |RVG − RVH | G GRVS SB
(km s−1) (km s−1) (km s−1) (d) RV var (km s−1) (km s−1) (km s−1)
3526061 0.20 -27.51 12 2842 8.57 1.00 7.51 -27.33 0.19 0.39 0.18 9.99 9.06 Y
3529480 0.09 -55.24 9 770 1.52 0.86 1.07 -54.92 0.33 0.35 0.32 9.71 8.75
3548732 0.02 -14.74 3 773 0.12 0.11 -1.18 -14.21 0.37 0.37 0.53 9.90 8.90
3558705 8.53 1.53 18 1050 14866 1.00 206.43 -4.27 2.78 0.27 5.80 8.25 7.25 Y ORB
3558848 0.08 -12.30 6 1040 1.18 0.69 0.48 -11.88 0.47 0.49 0.42 10.64 9.64
3560093 1.88 -20.70 4 1055 725 1.00 29.61 -15.93 0.68 0.59 4.77 10.96 9.96 Y
3631821 0.03 10.02 3 297 0.18 0.17 -0.97 10.16 0.21 0.40 0.14 10.09 9.16
3634720 1.79 -10.73 9 1107 657.0 1.00 46.33 -8.30 0.33 0.35 2.43 9.72 8.72 Y
3654420 0.11 13.13 5 1132 2.64 0.97 1.86 13.43 0.16 0.40 0.30 10.19 9.19
3730953 0.04 11.57 6 711 0.34 0.11 -1.23 11.51 0.30 0.32 0.06 8.82 8.40
3736289 0.05 -18.79 3 353 0.46 0.37 -0.36 -18.25 0.58 0.55 0.54 10.84 9.85
3742673 0.05 -20.62 3 382 0.50 0.39 -0.29 -20.71 0.33 0.63 0.09 10.96 10.09
3744043 0.02 -36.82 5 1571 0.12 0.02 -1.93 -36.20 0.22 0.35 0.62 9.65 8.74
3744681 0.08 -22.61 5 1087 1.16 0.67 0.45 -21.78 0.28 0.46 0.83 10.41 9.48
3749487 0.09 -30.67 3 678 1.57 0.79 0.82 -29.78 0.29 0.53 0.89 10.77 9.77
3759654 0.05 -21.23 3 614 0.54 0.42 -0.22 -20.79 0.25 0.41 0.44 10.23 9.23
3763790 0.04 -0.43 8 396 0.40 0.10 -1.30 -0.10 0.51 0.38 0.33 10.00 9.00
3833399 0.09 -62.14 12 1420 1.53 0.89 1.22 -61.73 0.15 0.27 0.41 9.22 7.27
3934458 0.06 -56.87 3 337 0.66 0.48 -0.06 -56.62 0.40 0.45 0.25 10.42 9.44
3935726 0.06 -26.95 3 352 0.86 0.58 0.19 -26.70 0.21 0.55 0.25 10.86 9.85
3936921 0.17 -35.90 10 1129 5.71 1.00 5.17 -35.16 0.40 0.49 0.74 10.70 9.63 Y
3938291 0.08 9.23 4 1122 1.39 0.76 0.70 9.46 0.24 0.48 0.23 10.51 9.58
3955590 0.09 -52.89 4 600 1.62 0.82 0.91 -52.56 0.27 0.43 0.33 10.36 9.36
3958400 0.06 -22.26 4 797 0.74 0.47 -0.08 -21.88 0.39 0.45 0.38 10.46 9.46
4072740 0.06 -17.13 6 1026 0.76 0.42 -0.21 -17.28 0.43 0.34 0.15 9.67 8.67
4139805 0.06 -21.96 5 687 0.75 0.44 -0.15 -21.59 0.27 0.50 0.37 10.56 9.65
4149966 0.14 -12.24 7 1077 4.11 1.00 3.32 -12.27 0.55 0.38 0.03 10.04 9.00 Y
4180705 0.09 -22.95 3 617 1.53 0.78 0.79 -22.32 0.32 0.45 0.63 10.42 9.42
4180903 0.04 -9.76 4 601 0.34 0.20 -0.85 -9.53 0.18 0.32 0.23 9.38 8.38
4241369 0.05 -34.51 3 338 0.57 0.43 -0.18 -34.00 0.14 0.46 0.51 10.43 9.49
4243796 0.15 5.53 9 1122 4.45 1.00 4.04 5.59 0.65 0.52 0.06 10.77 9.75 Y
4262505 0.20 -10.10 6 1118 8.15 1.00 5.01 -9.44 0.39 0.43 0.66 10.34 9.34 Y? (outlier?)
4351319 0.07 -18.74 5 1009 1.12 0.65 0.40 -18.39 0.14 0.39 0.35 9.95 9.06
4378473 0.20 7.51 4 1072 8.01 1.00 3.95 8.81 0.46 0.58 1.30 10.94 9.94 Y
4445711 0.07 3.36 3 346 0.92 0.60 0.25 3.42 0.23 0.51 0.06 10.72 9.72
4476422 0.16 0.99 5 1337 5.38 1.00 3.43 0.29 0.39 0.59 0.70 10.97 9.97 Y
4557817 0.04 13.49 6 820 0.32 0.10 -1.28 14.46 0.64 0.56 0.97 10.89 9.89
4770846 0.06 -38.87 10 2577 0.67 0.26 -0.65 -38.72 0.38 0.33 0.15 9.56 8.56
4902641 0.07 13.24 3 337 0.97 0.62 0.30 13.50 0.66 0.53 0.26 10.70 9.76
5128171 0.04 -8.99 4 861 0.38 0.23 -0.75 -8.78 0.46 0.39 0.21 10.08 9.08
5175152 0.09 2.40 7 1107 1.52 0.83 0.97 3.34 0.22 0.45 0.94 10.42 9.42 Y?
5184199 0.10 -26.09 5 1055 2.23 0.94 1.53 -26.05 0.25 0.36 0.04 9.87 8.87
5266416 0.06 -37.63 3 311 0.84 0.57 0.16 -37.21 0.35 0.48 0.42 10.60 9.60
5307747 0.07 6.63 9 2918 0.89 0.48 -0.06 6.69 0.31 0.28 0.06 8.40 7.40
5353108 0.03 -50.96 4 264 0.14 0.06 -1.49 -50.51 0.20 0.31 0.45 9.24 8.24
5457811 0.09 -55.56 3 619 1.69 0.81 0.90 -55.74 0.30 0.50 0.18 10.68 9.68
5515314 0.09 -51.96 4 442 1.56 0.80 0.86 -51.98 0.35 0.55 0.02 10.83 9.86
5530598 0.24 -16.21 14 2644 12.00 1.00 9.99 -16.36 0.15 0.29 0.15 8.63 7.63 Y? (jitter?)
5546141 0.07 -17.61 4 595 0.99 0.60 0.26 -17.31 0.18 0.44 0.30 10.39 9.39
5612549 0.03 -2.89 3 322 0.23 0.21 -0.82 -2.30 0.34 0.42 0.59 10.30 9.30
5648894 0.06 -17.21 5 2203 0.76 0.45 -0.14 -17.07 0.18 0.28 0.14 8.60 7.60
5700368 0.05 -32.18 20 2880 0.61 0.10 -1.31 -32.20 0.14 0.27 0.02 8.16 7.16
5706341 0.04 -53.01 2 329 0.33 0.43 -0.19 -52.97 0.20 0.44 0.04 10.42 9.42
5723165 0.04 -55.03 3 825 0.30 0.26 -0.66 -54.90 0.40 0.48 0.13 10.59 9.59
5770923 0.08 5.93 3 337 1.25 0.71 0.56 6.16 0.51 0.52 0.23 10.68 9.74
5782127 0.05 -34.69 7 662 0.58 0.25 -0.68 -34.18 0.21 0.55 0.51 10.84 9.84
5795626 2.24 0.057 -84.14 14 2301 1024 1.00 69.58 -83.10 1.20 0.31 1.04 9.16 8.16 Y ORB
5854239 2.42 0.050 7.49 11 1156 1197.77 1.00 64.68 -0.49 0.76 0.40 7.98 10.23 9.18 Y ORB
5866737 0.08 13.39 7 1107 1.47 0.82 0.90 14.13 0.22 0.52 0.74 10.75 9.75
5872509 0.06 -11.05 3 710 0.66 0.48 -0.06 -10.34 0.26 0.57 0.71 10.91 9.91
5981666 4.13 0.122 -21.80 7 1126 3486. 1.00 73.79 -9.72 1.02 0.34 12.08 9.61 8.61 Y ORB
5990753 0.12 -27.23 4 1112 2.99 0.97 1.89 -26.84 0.26 0.56 0.39 10.90 9.90
6037858 0.06 -19.84 5 707 0.85 0.50 0.01 -19.71 0.39 0.36 0.13 9.81 8.81
6045299 0.11 -48.24 5 1068 2.52 0.96 1.77 -47.86 0.19 0.49 0.38 10.63 9.63
6117517 0.05 1.18 3 371 0.60 0.45 -0.14 1.29 0.37 0.48 0.11 10.57 9.57
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Table A.2. Continued.
KIC/CoRoT σ j(RV) σ(O −C) RVH NobsH ∆t χ2j/ν j Prob. F2 j RVG ± σ(RVG) (RVG) |RVG − RVH | G GRVS SB
(km s−1) (km s−1) (km s−1) (d) RV var (km s−1) (km s−1) (km s−1)
6118479 0.02 -6.50 3 376 0.12 0.12 -1.18 -6.19 0.25 0.55 0.31 10.86 9.86
6144777 0.07 -30.83 4 651 0.98 0.60 0.25 -30.79 0.19 0.50 0.04 10.65 9.65
6276948 0.10 -22.50 6 749 2.04 0.93 1.49 -22.27 0.28 0.54 0.23 10.80 9.80
6290627 0.37 -24.91 6 1121 27.21 1.00 9.73 -24.54 0.94 0.59 0.37 10.97 9.97 Y
6356581 0.02 -2.15 3 315 0.05 0.05 -1.58 -2.16 0.31 0.54 0.01 10.80 9.80
6631489 0.51 0.023 -12.90 9 1057 52.88 1.00 16.69 -13.27 0.14 0.32 0.37 9.40 8.40 Y ORB
6677653 0.10 -59.26 6 1105 2.24 0.95 1.67 -58.74 0.28 0.54 0.52 10.83 9.83
6700113 0.06 -12.35 3 784 0.66 0.48 -0.05 -11.94 0.41 0.46 0.41 10.48 9.48
6779699 0.08 -4.49 3 763 1.21 0.70 0.53 -4.72 0.50 0.54 0.23 10.82 9.82
6849167 0.14 -9.39 4 726 3.90 0.99 2.38 -8.83 0.33 0.58 0.56 10.93 9.93
7205067 0.12 -12.53 4 1077 2.74 0.96 1.74 -11.79 0.21 0.51 0.74 10.69 9.69
7467630 4.79 15.04 6 1074 4686. 1.00 74.85 17.71 1.68 0.39 2.67 10.08 9.08 Y
7628676 0.02 -25.24 3 422 0.10 0.09 -1.28 -25.16 0.62 0.53 0.08 10.79 9.79
7936407 0.01 -17.00 3 264 0.01 0.01 -2.00 -16.77 0.24 0.40 0.23 10.13 9.13
7985438 0.09 -18.88 3 284 1.48 0.77 0.75 -18.73 0.30 0.45 0.15 10.44 9.44
8007217 3.31 -5.27 12 1148 2236 1.00 85.11 -5.84 0.51 0.34 0.57 9.69 8.69 Y
8106525 0.32 3.88 6 1100 20.94 1.00 8.54 4.27 0.14 0.32 0.39 9.34 8.34 Y
8110811 1.12 -22.83 4 1066 256.32 1.00 19.94 -25.00 0.54 0.49 2.17 10.63 9.63 Y
8181509 1.78 -32.90 5 1073 649.26 1.00 32.73 -31.46 0.39 0.43 1.44 10.37 9.37 Y
8188772 0.04 -33.49 3 641 0.27 0.23 -0.74 -33.82 0.40 0.57 0.33 10.90 9.90
8299922 0.08 -23.48 8 1121 1.25 0.73 0.61 -22.93 0.19 0.39 0.55 10.12 9.12
8506295 0.13 -8.86 5 1053 3.31 0.99 2.32 -8.74 0.25 0.42 0.12 10.29 9.29
8631401 0.02 0.85 3 352 0.12 0.11 -1.18 0.97 0.14 0.28 0.12 8.42 7.42
8708536 0.05 -18.63 3 309 0.50 0.40 -0.28 -18.23 0.22 0.46 0.40 10.50 9.50
8718745 0.07 -20.17 3 423 1.08 0.66 0.41 -20.32 0.18 0.51 0.15 10.72 9.72
8872979 0.08 -7.21 5 1122 1.22 0.70 0.52 -5.96 0.92 0.52 1.25 10.73 9.73 Y?
9145955 0.05 16.74 3 342 0.49 0.39 -0.30 17.95 0.44 0.35 1.21 9.77 8.77 Y?
9151007 0.06 -11.59 3 372 0.63 0.47 -0.10 -11.42 0.45 0.48 0.17 10.58 9.58
9173371 0.02 -0.40 7 1858 0.13 0.01 -2.40 -0.37 0.16 0.31 0.03 9.27 8.27
9244428 0.04 -42.48 3 253 0.40 0.33 -0.46 -42.21 0.20 0.31 0.27 9.23 8.23
9327993 0.06 -54.36 4 337 0.73 0.46 -0.10 -54.22 0.31 0.35 0.14 9.77 8.77
9346602 0.05 -11.84 5 1470 0.44 0.22 -0.78 -11.40 0.26 0.46 0.44 10.51 9.51
9409513 0.04 8.79 3 764 0.40 0.33 -0.47 9.04 0.26 0.41 0.25 10.24 9.24
9705687 0.08 8.61 5 786 1.17 0.68 0.46 9.16 0.44 0.33 0.55 9.56 8.56
9716522 0.06 7.14 6 761 0.78 0.44 -0.16 8.04 0.31 0.44 0.90 10.41 9.41 Y?
9812421 0.07 1.08 3 337 1.05 0.65 0.38 0.93 0.32 0.40 0.15 10.18 9.18
9836930 0.05 -5.08 5 832 0.52 0.28 -0.60 -5.78 0.66 0.36 0.70 9.82 8.82 Y
9838510 0.09 -38.40 4 1130 1.72 0.84 1.00 -37.75 0.33 0.42 0.65 10.29 9.29
100901998 0.03 70.68 3 746 0.13 0.12 -1.15 71.31 0.34 1.02 0.63 11.81 10.81
100958710 0.05 -21.91 3 430 0.51 0.40 -0.27 12.00 11.00
101037205 0.04 -4.93 4 785 0.41 0.26 -0.67 -4.90 0.61 1.22 0.03 12.06 11.06
101043587 0.03 27.77 2 375 0.17 0.32 -0.48 29.29 1.11 0.95 1.52 11.71 10.71
101092813 0.07 -68.60 3 753 0.91 0.60 0.24 -68.28 0.26 0.85 0.32 11.54 10.54
101101456 0.17 -38.05 5 787 6.09 1.00 3.74 -38.37 0.97 1.10 0.32 11.92 10.92 Y?
101232297 0.06 -17.22 4 387 0.73 0.46 -0.10 -16.67 0.42 1.22 0.55 12.06 11.06
101238328 0.09 9.11 5 1082 1.50 0.80 0.85 10.00 0.49 1.23 0.89 12.08 11.08
101411168 0.01 -45.83 3 758 0.04 0.04 -1.68 -45.39 0.60 1.12 0.44 11.95 10.95
101442365 0.12 -17.23 5 1071 2.95 0.98 2.08 -16.30 0.52 1.16 0.93 12.00 11.00
101561050 0.05 -15.20 3 743 0.54 0.42 -0.22 -14.86 0.45 1.10 0.34 11.91 10.91
102632259 0.06 9.60 9 1168 0.66 0.27 -0.61 9.36 0.89 0.99 0.24 11.77 10.77
102639822 7.48 13.57 14 1235 11424 1.00 164.75 11.75 5.77 1.10 1.82 12.05 10.92 Y
102706346 0.05 51.39 6 1108 0.48 0.21 -0.81 11.74
102726093 0.26 29.68 11 1259 14.17 1.00 9.67 30.36 0.92 1.12 0.68 11.95 10.95 Y? (outlier)
102748522 0.33 41.42 11 1261 22.30 1.00 12.32 41.27 0.15 0.76 0.15 11.38 10.38 Y? (jitter)
102791704 0.12 53.47 5 740 2.77 0.97 1.95 54.25 0.56 1.15 0.78 11.99 10.99
110663970 0.06 65.96 6 1170 0.73 0.40 -0.27 65.75 0.52 0.94 0.21 11.69 10.69
110667090 0.08 55.28 6 1171 1.24 0.71 0.56 55.86 1.35 1.05 0.58 11.85 10.85
110672452 0.05 25.38 7 677 0.60 0.27 -0.62 25.38 0.61 1.19 0.00 12.03 11.03
110679004 0.07 61.02 8 1115 1.14 0.66 0.42 61.87 0.73 0.77 0.85 11.39 10.39
110679775 0.08 1.76 7 1164 1.41 0.79 0.83 2.41 0.92 1.17 0.65 12.01 11.01
110741575 0.06 89.70 9 1170 0.80 0.40 -0.26 90.38 0.25 0.87 0.68 11.57 10.57
110770047 0.15 32.17 7 742 4.42 1.00 3.52 11.91 Y?
110774446 0.08 15.92 6 676 1.19 0.69 0.49 16.64 0.36 0.99 0.72 11.77 10.77
110827535 0.05 24.30 8 1192 0.47 0.14 -1.07 24.13 0.74 0.92 0.17 11.67 10.67
110828605 0.07 41.01 5 673 0.95 0.57 0.17 41.20 0.21 1.14 0.19 11.97 10.97
110847547 0.07 52.97 7 1115 0.97 0.55 0.13 53.97 0.40 0.73 1.00 11.32 10.32
110858607 0.05 8.19 5 1176 0.42 0.21 -0.83 9.01 0.88 1.17 0.82 12.01 11.01 19
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Fig. B.1. Spectral energy distribution for HD 3627 with photom-
etry extracted from the SIMBAD data base, with the best-fitting
MARCS model superimposed (red curve, barely visible). The
black curve corresponds to the dereddened SED. Far-IR excess
has been detected by IRAS and AKARI.
Fig. B.2. Same as Fig. B.1 for HD 30834.
Appendix B: SED of dusty stars
This section presents the SED of dusty stars (Figs. B.1 – B.8).
Appendix C: RV curves
This section presents the RV curves of all target stars (Figs. C.1
– C.18).
Appendix D: Orbital solutions
This section presents the orbital solutions found so far, displayed
in Figs. D.2 – D.8, as well as notes on individual stars.
Famaey et al. (2005) data have been used to improve the orbit
of the very long-period binary HD 3627. Bakos (1976) proposed
a preliminary orbit based on observations spanning 75 years, but
only provides a preliminary period of 15 000 d, whereas the
Fig. B.3. Same as Fig. B.1 for HD 119853.
Fig. B.4. Same as Fig. B.1 for HD 153687.
Fig. B.5. Same as Fig. B.1 for HD 156115. The SED temperature
is 3900 K and the IR excess is doubtful.
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Fig. B.6. Same as Fig. B.1 for HD 212320.
Fig. B.7. Same as Fig. B.1 for HD 221776.
Fig. B.8. Same as Fig. B.1 for HDE 233517. The SED tempera-
ture is 4211 K.
Fig. B.9. Same as Fig. B.1 for HD 6, which does not exhibit any
IR excess.
Fig. C.1. Radial-velocity data for HD 6. The dashed green line
marks the average velocity, and the shaded blue zone corre-
sponds to ±1σ.
Ninth Catalogue of Orbits of Spectroscopic Binaries (Pourbaix
et al. 2004) rederived an orbital period of 20158 d from the ob-
servations collected by Bakos (1976).
Griffin (2013) provides for HD 27497 an orbit very similar
to that derived from our HERMES data, as listed in Table 4.
For HD 31553, measurements from Fekel & Watson (1998) have
been added to the HERMES data set in order to better constrain
the orbital period, but no zero-point offset has been considered.
HD 21078 (= HIP 15769) is a high proper-motion star
(LTT 1604) flagged as an acceleration solution (DMSA/G) in
the Double and Multiple Star Annex of the Hipparcos cat-
alogue (ESA 1997). It is also a so-called ∆µ binary (long-
term Tycho-2 and short-term Hipparcos proper motions are dis-
crepant) flagged by Makarov & Kaplan (2005) and Frankowski
et al. (2007). We computed a combined HERMES/Hipparcos
spectroscopic/astrometric solution following the method out-
lined by Jancart et al. (2005). All significance tests described
in the latter paper are satisfied, indicating the good quality of
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Fig. C.2. Same as Fig. C.1 for HD 6665.
the combined orbit whose elements are listed in Table 4c. We
also note the good agreement between the dynamical parallax
of 13.3 ± 1.1 mas (Table 4c) and the Gaia DR2 parallax of
12.5 ± 0.1 mas (Table 2). The knowledge of the orbital inclina-
tion allows us to derive pairs of possible (M1,M2) values (listed
in Table 4c) from the spectroscopic mass function. The location
of HD 21078 in the HR diagram (Sect. 2.2.3) points at a mass
∼ 1.2 M for component A, and therefore the companion must
have a mass of 0.71 M. Such a mass is compatible with the
companion being either a main-sequence star or a white dwarf
(the latter possibility is less likely since the K giant should then
appear as a barium star, which it is not; see Merle et al. 2016).
The low-mass of the companion implies that it contributes negli-
gible light to the system, and therefore the photocentre location
must be identical with the giant location. Hence the semi-major
axis of the giant around the centre of mass of the system (a1)
must be identical with the semi-major axis of the photocentric
orbit (a0), as confirmed from Tables 4ac.
Figure D.1 presents the eccentricity–period diagram for the
new orbits derived in this paper (red filled circles), and is com-
pared to the sample of K giants in open clusters from Mermilliod
et al. (2007). All binaries from sample S1 fall within the locus
occupied by the binary K giants in open clusters (even though
HD 21078 lies along its boundary; this is compatible with the
fact that HD 21078 is a subgiant rather than a giant – as revealed
by Fig. 1 – and therefore the tidal orbital circularisation has not
yet operated). Therefore, there is nothing peculiar to report about
the orbital dynamics of our sample stars.
Fig. C.3. Top panel: Same as Fig. C.1 for HD 9746. Bottom
panel: Zoom on the HERMES data.
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Fig. C.4. Top panel: Radial-velocity data for HD 30834. Early
measurements with large error bars are from Famaey et al.
(2005). Bottom panel: Zoom on the HERMES velocities.
Fig. C.5. Same as Fig. C.4 for HD 34043.
Fig. C.6. Radial-velocity data for HD 39853, flagged as a binary
by the χ2 test.
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Fig. C.7. Period analysis of the RVs using the Stellingwerf statis-
tics. Top panel: RVs plotted in phase with a period of 282 d.
Bottom panel: The Stellingwerf 1 − θ statistical indicator for a
sine signal of period 282 d sampled the same way as HD 39853.
Middle bottom panel: Same as bottom for the 282 d sine signal
(red curve) and for the HD 39853 data (black curve). Middle top
panel: The difference between the red and black curve of the pre-
vious panel, showing possible residual signals (here one around
110 d).
Fig. C.8. Same as Fig. C.1 for HD 40827.
Fig. C.9. Same as Fig. C.1 for HD 43827.
Fig. C.10. Same as Fig. C.1 for HD 63798.
Fig. C.11. Same as Fig. C.1 for HD 90633.
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Fig. C.12. Same as Fig. C.1 for HD 108741.
Fig. C.13. Same as Fig. C.1 for HD 112127. This star is some-
times classified as a carbon star of type R (Barnbaum et al.
1996).
Fig. C.14. Same as Fig. C.1 for HD 116292.
Fig. C.15. Same as Fig. C.1 for HD 119853, showing a long-
term trend.
Fig. C.16. Same as Fig. C.1 for HD 153687.
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Fig. C.17. Same as Fig. C.1 for HD 221776, showing no sign
for binarity despite a probability unity of having a variable RV
(Table 5). The top panel also displays six RV measurements
from Famaey et al. (2005). The bottom panel shows only the
HERMES RV.
Fig. C.18. Same as Fig. C.1 for HD 233517.
Fig. D.1. Eccentricity–period diagram for the new orbits derived
in this paper (red filled circles), as compared to the sample of
K giants in open clusters (open squares) from Mermilliod et al.
(2007).
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Fig. D.2. Top panel: Preliminary orbital solution for HD 787
(with the shortest possible orbital period of 4200 d). Bottom
panel: Orbital solution fitted to the residuals of the top panel.
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Fig. D.3. Same as Fig. D.2 for HD 3627, with a tentative period
of the order of 76 yr. The older measurements are from Famaey
et al. (2005).
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Fig. D.4. Same as Fig. D.2 for HD 21078.
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Fig. D.5. Same as Fig. D.2 for HD 27497.
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Fig. D.6. Same as Fig. D.2 for HD 31553, including Fekel &
Watson (1998) measurements.
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Fig. D.7. Top panel: Same as Fig. D.2 for HD 156115. Bottom
panel: Orbital solution fitted to the residuals of the top panel.
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Fig. D.8. Same as Fig. D.2 for HD 212320.
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